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A finite element program based on both 2- and 3-dimensional element
models is developed to simulate the Brazilian test. Rock isotropy, non-
homogenejty, and anisotropy are taken into account in the analysis. The pro-
gram has two fallure criteria options: the old critefion described in the semi-
annual report and a new criterion in which the elastic modulus across tension
cracks is reduced to zero. Tests Juns have shown that the new failure criterion
vields far more realistic load-displacement and load-strain curves.

A new equetinn solving procedure, the sparse matrix technique, is
used in the program making possible the solution of certain problems which
could not be handled by the banded matrix technique because of computer
storage limitations. To demonstrate the capabilities of the program, several
test problems were run. The results are shown in Chapter 2 of this report.
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PREFACE

This report covers the second year accomplishments in the research pro-
gram entitled, "Mechanical Behavior of Rock Under Static Loading," R.W,.
Heins, Co-Principal Investigator. The program is Part A of the project entitled,
"Aspects of Mechanical Behavior of Rock Under Static and Cyclic Loading"
(Contract No.H0220041). Part B of the project is published in a separate volume.
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ASPECTS OF MECHANICAL BEHAVIOUR OF ROCK UNDER STATIC LOADING

PART A

Summary of Year's Work

Brazilian tests were carried out on dacite, Valder's limestone, and
St. Cloud gray granodiorite to determine size effect on tensile strength.

Curves showing variation of tensile strength with specimen dimensions and

other findings constitute Chapter 1 of the semi-annual technical progress

(1)

report a

In connection with the theoretical phase of the investigation, a 2-
dimensional computer program which simulatcs the Brazilian test is developed,
The program is based upon isoparametric finite elements which may be either
isotropic or non-homogeneous and a failure criterion in which a fixed percent-
age of the stiffnesses of the failed elements is subtracted from the total stiff-
ness during each loading cycle. The complete program listing and the results

, 1
of several computer runs are part of the semi-annual report( ).

A second program is presented in this report. The program employs
2- and 3-dimensional isoparametric elements which exhibit anisotropy as
well as isotropy and non-homogeneity. Two failure criteria are used: the
old criterion described in the preceding paragraph and a new criterion in which
the elastic modulus across tension cracks is reduced to zero. Based on few
test runs made, the new failure criterion vields considerabl; superior and

more realistic load-displacement and load-strain curves.

To demonstrate the capabilities of the program, severa! problems were
run and the results are shown in Chapter 2. The use of a new equation solver,
the sparse matrix technique, permitted the solution of certain problems which

could not be handled by the banded matrix technique because of the bandwidth

limitation.
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CHAPTER 1

PROGRAMMING ROUTINES

1.1 Introduction

A finite element program for the prediction of rock fracture charac-
teristics in Brazilian tests is presented herein. The program has all the
capabilities of the previous 2-dimensional program (1) plus the following:

1. Availability of both 2- and 3-dimensional elements

with isotropic, anisotropic, or non-homogeneous
material property.

2. A failure criterion in which the ela stic modulus
across tension cracks is reduced to zero,

3. An equation solver in which only the non-zero elements
of the stiffness matrix are involved in the elimination
and back-substitution processes.

4. A nodal reordering scheme.
The theoretical considerations upon which the program is based

have already been discussed in the semi-annual report (1) and are not re-

peated here. The program's major routines are described in the following
sections,

1.2 Nodal Reordering

Among the different mathematical underta kings encountered in a finite
element program, the solution of the governing linear equilibrium equations
_determines to a large extent the effectiveness of the program. When the
first finite element programs were developed only small-size systems could

be treated because of limited memory space for the storage of the global




stiffness matrix. With the introduction of external storage disks, it be-

came possible to storc only a small part of the stiffness matrix in com-
puter memory at a time, the balance being in the disk, permitting the solu-
tion of considerably larger systems. The most widely used disk-aided
equation solving procedure is the banded matrix technique developed in
1965 by E.L. Wilson of the University of California. Wilson's method
takes advantage of the banded property of the stiffness matrix resulting in
savings in execution time and storage requirement. Its only limitation is

in the width of the band. Unfortunately, the maximum bandwidth that most
digital computers allow is not large enough in many practical situations.,

In the context of the present research, such situations arise when the whole
circular face of the Brazilian test specimen is considered in the analysis
and/o" when 3-dimensional problems are treated. In both of these cases,
because of the closed geometry of the finite element mesh and the high
nodal connectivity of the 3-dimensional elements, a low-numbered node be-
comes connected to a high-numbered node resulting in prohibitively large
bandwidths. Nodal reordering schemes have been developed to minimize

the bandwidth. The effectiveness of such schemes, however, is very limited.

An equation solver which stores and processes only the non-zero
elements of the stiffness matrix is employed in the present program, To
minimize the number of non-zero elements created during the eliminaticn
process, a reordering of the nodes is undertaken. The reordering concept
used is based upon one described by Jensen and Parks (2). The complete re-
ordering flow chart is shown in Figure 1.3. To start with, the nodes are as-
signed numbers in the manner shown in Figures 1.1and 1.2. This allows for
the automatic generation, within the program, of the nodes and their con-

nections. The reordering of the nodes then starts. At each stage of the re-

ordcring process, the branch table of the last node (JL&C) entered in the
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] (@) Partial Disc

(b) Full Disc

| I'igure 1.1, Standard Scheme for Numbering Nodes and
| l.lements of Two-dimensional Disc.
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Note: Numbering of elements follows the same direction.

Figure 1.2 Numbering Scheme for Ncdes in Three-dimensional Mesh




(1)

(2)

(3)

(4)

(5)

(6)

Start

|
i=1]
)
Generate nodes connected to node i

of i (ith column of matrix [L.SD]).

!

Set NBRC(i) equal to the
total number of nodes
connected to i.

and store them in the branch table |es——

Is No
i=NTNN?

i=i+1

Yes

i=0

i
Search for the node JLFCT which has

@—-the least non-negative NBRC value, i.e.,
NBRC(JL@CT)=non-negative minimum.

'

C Set JLIC=JLPCT & JLFCT=0

r
[Set NGER(JLEC)=i & NM=NBRC(JLZC)]

Is
i=NTNN-17

Mo

Write (NM, LsD(k,JL&ZC), k=1, NM) in
external storage unit # 11,

5T

Figure 1.3. Flow Chart of Nodal Reordering Routine

NTNN=total number of nodes
in finite element mesh.




Set KLFC=LSD(j, JLZC)

'

Eliminate JLYC from branch
table of KL@C.,

Decrement NBRC(KL@C) by one.

!

Store into the branch table of KL@C all nodes

in the branch table of JL@C (except KLZC) not
already in the former.

1

Increment NBRC(KL@C) by the total
number of nodes so stored.

NBRC(KIZC) < NM?

Set NM=NBRC(KL@C) & JLPCT=KL@C|

Is
J=NBRC(JLJC) ?

Yes
Set NBRC(JL@C)=NBRC (JLZC)

Is
JLACT=07?

Figure 1,3 Continued.




(14)

(15)

(16)

(17)

(18)

(19)

®

|

|Set LA1=LSD(1,]LGC) & NGER(LA1)=NTNN

[Bewind external storage unit # 11,

r
j=0

i=0

:

Read (NM, IA(k), k=1, NM) from

external storage unit ff 11,

?

j=j+1

Y

Set LAK=LA(k)

)
Set LAC(i+k)=N@ER(LAK)

=

Yes

i=i+14NM

|

Set LIC(i)=j

k=k+1

End

Figure 1.3 Continued.




reordering array* is scanned for the node with the fewe st number of
connections. If such node has equal or fewer connections than JLZC,
then it is placed into the next available space of the reordering array.
Otherwise, the node with the fewest number of connections from among
those which remain to be renumbered is placed into the next available
space of the reordering array. The process is repeated until all nodes
have been renumbered. Whenever more than ore node satisfy the afore-
mentioned conditions, the node with the lowest number is selected. An
example of the effect of rcordering is illustrated in Figures 1.4 and 1.5,
In Figure 1.4c no reordering is undertaker and 18 non-zero elements
(represented by the letter c) are created during the eliminaiion process.
In the reordered version, Figure 1.5¢c, only 11 such elements are fcemed .,
The effect of reordering becomes even more significant in large systems
vhere a high percentage of the non-zero elements are created during

elimination.

The removal of JLZC from the branch tables of the nodes connected
to it (Step 8 of flow chart) is equivalent to the elimination of non-zero ele-
ments located directly below the diagonal element in the row of JLOC. Nodes
added to the same branch tables (Step 10) on the other hand, represent the
non-zero elements created as a result of the activity in Step 8, Steps 8
and 10 make up the pseudo-elimination process which is an essential part
of the reordering routine. The final contents of the branch tables represent
the off-diagonal non-zero elements of the upper triangular form of the stiff-
ness matrix. The location of these elements has to be defined before the

actual elimination can be carried out,

Two arrays are needed to locate a non-zero element. These are NR@W,

generated for convenience during the actual elimination process (Figure 1.6),

*NRLG in which NREQ(i) gives the original number of the node assigned
the new number i.

[ —
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and LOC, generated in the reordering routine. NR@W (j) gives the number
assigned to the first off-diagonal non-zero element in row j. L@CI(i) gives
the column location of the ith non-zero element. Thus the kth non-zero
element would be located in column LGC(k) and in row m where NR@W (m) <

k < NRW (m+1). Sequential numbers, starting with one, are used to identify
the ion-zero elements. The numbering proceeds in the row-wise direction
with the off-diagonal elements in a row nunbered ahead of the diagonal ele-
ment. The following tables, used to locate the non-zero elements in

Figure 1.5c, serve to clarify the idea presented in this paragraph. The ar-

rows point to the diagonal elements.

j } 2 3 ‘4 5 B 7 B 95 1 11 M i3 14 & 16
WBCH) 5 B 10 T 6 12 ¥ 2 7 Bl 18 3 8 14 16 4

] 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
L@C(j) 6 98 8 35 9 10 12 15 & 9 W 11 18 7

j 32 33 34 35 36 37 38 39 40 41 42
LgCG) 12 14 15 16 8 10 11 12 13 15 9

J 43 44 45 46 47 48 49 50 51 52 53 54
LgC() 11 12 13 15 16 10 12 13 14 15 16 11

{ J f .

i 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
L@CG) 13 14 15 16 12 M4 15 16 13 15 16 14 16 15 16

i 1 2 3 4 .5 6 7. B 9 10 11 12 13 14 1is
NROW (i) 1 5 9 13 17 22 27 32 37 43 49 55 60 64 67

Table 1.1 Locator Arrays for Non-zero Elements of Figure 1.5c

1.3 Gaussian Elimination

In the discussion in the precediny section, it should be noted that a

“non-zero element" is actually a submatrix whose order is equal to the
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number of degrees of freedom specified at a node and a "row" are actually
rows occupied by the submatrices. Hereafter, these expressions shall
convey the same meanings. Thus, a "non-zero element"” is either a 2x2
submatrix (2-dimensional cases) or a 3x3 submatrix (3-dimensional cases).
Similarly, the "nth row" of the stiffness matrix would be taken to mean the

nth 2 rows or the nth 3 rows of the matrix.

The flow chart of the Gaussian elimination routine is shown in
Figure 1.6, In Step 3, only the non-zero elements on and to the right of
the diagcnal need be stored in [ S] because of symmetry. The elements are
stored in the same order that they would appear in the stiffness matrix with
enough spaces reserved for the non-zero elements which will be created
later on during the elimination process. Using Figure 1.5c again as an ex-
ample, [S] would appear as follows during the storage of the different rows

of the stiffness matrix:

Row 1:
®11 ®12 13 %1 S15 %16 517 518
“21 22 ®23 %24 S %35 %37 %5
Row 6:
S11 512 0 0 sg s sy, s sy ®1,10
Sp1 Sa2 0 0 sps Spe Sy, Sy Sy ®2,10
Row 9:
S11 s12 O 0 0 0 S17 S 0 0
521 522 0 0 0 O 527 528 0 0




in which the spaces marked s i are occupied by the x elements while

those marked 0 (zero) are reserved for the c elements.

After the formation of any row, say i, the process of eliminating all
non-zero elements in the row located to the left of the diagonal immediately
follows. Had the entire upper trinngular half of the stiffness matri.: been
considered in the elimination procedure, these elements would Le simply the ]

"mirror image" of the elements lying on the ith column of the preceding rows., ]

Since this is not the case, a method for locating the aforementioned elements
has to be devised. This is accomplished by introducing the spotter array

NSPT. The spotter array keeps track, for each row, of the element in that

row whose "mirror iinage" is next in line for elimination. Because of the
row-wise direction of the elimination procedure, the order in which the ele-
ments of any particular row are used in the elimination process proceeds from
left to right; that is, the "mirror image" of the left-most element is eliminated
first and that of the right-most element is eliminated la st. Thus, at the start
of the elimination process NSPT(j) = NR@W (j) for any row j and after each elim-
ination the NSPT value of the affected rows is incremented by one. NRGW (j)

is defined on page 11. The procedure discussed in this paragraph corresponds

to Steps 4 through 6 of the flow chart shown in Figure 1.6.

It should be noted that after elim nation of a row, the elements in that
row are stored in the next available space in tape or drum #10, Normalization

of an element (pre-multiplication of the element by the inverse of the diagonal
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Yes

NTNN=total number of nodes
in finite element mesh.

(2) Set NROW (i)=NZ+1 & NSPT(i)=NROW (i)

[NZ=NZ+1+NN]|

NN=total number of non-zero
elements in row of node i.

i

(3) |Build rows of stiffness matrix corre sponding to
node i and store in appropriate locations of the
matrix [S] which is composed of the submatrices
S§1/52+/¢4e¢eve,SNyN+1. The submatrix S; lies in

the main diagonal.

Yes
< >

No

&)

Figure 1.6. Flow Chart of Gaussian Elimination Routine




Read as matrix [A] the off-diagonal submatrices
and as matrix [B] the inverse of the diagonal

(4) submatrix in the presently readable file of
external storage unit ! 10,
(5) Set ISPT=NSPT(j)

15
LAC(ISPT)=i?

— /9 = L E. '8 b . k1l

- ~©
LBC(k) gives the column

location of the kth non-zero
element in the stiffness matrix.

Yes

(6) Set NSPT(j)=NSPT (j)+1
Y

Compute the matrix product A;I; (B] in

7) which A is the submatrix of [A] located

in the ith column of the stiffness matrix,

y

I
Compute the matrix product A {B] [Akl\k+ lAk+2 R |

(8) |and substract each submatrix of the product from cor-

'

responding submatrices in [S].
() Set A= (A (8] )T

I
|
Backspace external storage unit #f 10 and rewrite
(10) the matrices [A] and [B]. @
Figure 1.6 Continued.
|
. ; . . P ——




Write in next available space in external storage
unit # 10 the matrix [S]  in the following order:
S,.S S st

2 ’ 3 4 90 000 o0 0y NN+1 ! 1-

Figure 1.6 Continued.
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element) takes place only when the element is no longer needed in the
elimination process (Step 9). The actual row operations carried out during

the elimination process are represented by Step 8.

2.4 Determination of Principal Stresses in Three Dimensions

It has been determined in Reference 3 that the principal stresses in a

3-dimensional solid are the roots of the cubic equation

3 2 _
F(S) = S -aIS + azs-a3— 0 (1.1)
in which

al = Or+ og+ oz
a. = (00 +oo+oo-T2 _TZ _TZ

2 r o @z Nz 0z ro rz
a = 000 +2'r T T - g - QO - 0 Tz

3 r ez 0z r0"rz r' oz 0 rz z' r@

The graph of F(S), with the maxima, minima, and inflection points indicated,

is shown in Figure 1,7.

Applying the Newton-Raphson method, the roots of equation (1.1) can

be evaluated by means of the iteration formula

F(sn)
Bl = i - F'ls ) (1.2)
n
in which
- | A
F'(s) = il 3S Zals+a2

B = b, @ ¢idss

S = approximation of root value at nth iteration
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Setting So 3 (that is, starting the iteration at the inflection point 1),

equation (1.2) will yield the value of the middle root Rz. With R2 known,

equation (1.1) may be rewritten as
F(S) = (S-RZ)Q(S) =0 (1.3)

in which Q(8) is a quadratic polynomial whose roots are the two remaining

roots of equation (1.1). Q(S) may be conveniently written as

2

Q(S) = s +bIS+b2 (1.4)
in which (4)

& Ry =

b, = Ryb) +a,

e 2 (1.5)

The direction cosines 11_, mi ni of the principal stresses are ob-

tained from the equations

(Ri - Or)li T T T Ty 0

“Tagly YR - Gy = qgpa =
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o)n, =0 (1.6)

taking into account the relationship

[ — [ . i [

1

=)

-
©
N

3

AR

=

'

"
—

2 2 2
11 *m o+ (1.7

-
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F(S)

Figure 1,7, Graphical Representation of Cubic Polynomial (Eq. 1.1).
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| CHAPTER 2

NUMLRICAL EXAMPLES

2.1 Introduction

To demonstrate the capabilities of the program, several cylinders
exhibiting all three rock properties considered in the program are analyzed.
Unfortunately, it is not possible to compare the results, particularly with
respect to the three-dimensional, anisotropic, and non-homogeneous cases,
with any existing alternative solution, so relatively coarse meshes are
used to save on computer expense which quite prohibitive in most cases.
Isotropic problems are run mainly to compare the load-displacement and
load-strain curves octained by the two failure criteria used in the program.

In the new failure criterion, the stiffness matrix of the elements that failed

is revised by reducing to zero the elastic modulus across tension cracks
when failure is in tension or by removing a fixed percentage (specified by
program user) of said matrix when the failure is in compression or shear.

In the old failure criterion (used in semi-annual report), the stiffness matrix
of the failed elements is reduced by a fixed percentage regardless of whether
tensile, compressive or shearing failure occurs. One shortcoming of the old
criterion is the unrealistic shape of the resulting load-strain curves and, to
a certain extent, load-displacement curves,

In anisotropic discs and cylinders the allowable stresses at a point
vary with direction making the determination of the load factor (critical ratio
of actual stress to allowable stress) of an element quite involved, one re-
quiring time-consuming trial-and-error procedure. Because of this, a simplify-
ing assumption is made in the program in which the critical direction is con-

sidered to coincide with one of the principal stresses as in the case of iso-

tropic discs and cylinders. This assumption makes it necessary only to




23

determine the allowable stress in the direction of the critical principal
stress to obtain the element load factor. In the program the allowable
stresses at a point are assumed to vary as an ellipsoidal surface with the
principal axes coinciding with the directions of anistropy.

Considerable effort was expended to check each individual subroutine
of the program by long hand calculation. As part of the debugging process,
it was also decided to rerun th> isotropic problem presented as Problem 2
in the semi-annual report. The results were in close agreement with those
obtained by the previous program.

All the cylinders treated herein possess the following dimensions:

Diameter = 3 inches

Length 1 inch

"Vertical displacement" refers to the average displacement of the loaded
nodes in the direction of the load while "horizontal strain" refers to the
strain at the central point of the disc or cylinder measured normal to the

loaded plane.




2.2 Two-dimensjonal Anisotropic Problem

Elastic Moduli:
[ E 3,000,000 psi

1

By

5,700,000 psi

Allowable Compressive Stresses:

@
]

15,000 psi

@)
1

27,000 psi

Allow. Tension = .05 of Allow. Compression
Allow. Shear = .10 of Allow. Compression
Poisson's Ratio = ,25

Shear Modulus = 1,600,000, psi

Finite Element Mesh (Whole Disc):

5 radial divisions
' 16 circumferential divisions

Directions of anisotropy are indicated in Figure 2.1.

2.3 Two-dimension Isotropic Problem (Old Failure Criterion)

Elastic Modulus = 5,700,000, psi
|; Allow. Compressive Stress = 27,000, psi
{ Allow, Tensi'n = ,05 of Allow. Compression
Allow, Shear = ,10 of Allow. Compression
Poisson's Ratio = ,25

Finite Element Mesh (Disc Quadrant):

6 radjal divisions
9 circumferential divisions

Stiffness matrices of failed elements are reduced 90%
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Figure 2.2 Load-Displacement-Strain Curves (Problem 2.2)
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Horizontal Strain, 107° inch/inch

Figure 2.4, Load-Displacement-Strain Curves (Problem 2.3)




2,4 Two-dimensional Isotropic Problem (New Failure Criterion)

Data are the same as Problem 2.3. Stiffness matrices of elements failing

in compression or shear are reduced 90%. Elastic moduli across tension cracks
are reduced to zero,

2.5 Three-dimensijonal Isotropic Problem (Old Failure Criterion)

Elastic Modulus = 5,700,000, psi
Allow. Compressive Stress = 27,000, psi

Allow. Tension = .05 of Allow. Compression
Allow. Shear = 9,00 of Allow. Compression
Poisson's Ratio = ,25

Finite Clement Mesh (Cylinder Quadrant):

5 radial divisions
6 circumferential divisions
2 axial (Z-axis) divisions

Because of symmetry only half the length of cylinder is considered
in analysis. Stiffness matrices of failed elements are reduced 90%.

2.6 Three-dimensional Isotropic Problem (New Failure Criterion)

Data are the same as Problem 2.5. Stiffness matrices of elements

failing in compression or shear are reduced 90%. Elastic moduli across ten-
sion cracks are reduced to zero,
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b 5 11

*Failed in shear, Rest failed {n tension,

Figure 2.5, Progression of Fajilure in Problem 2.4.




Critical Load, 1lbs.
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Strain /.

isplacement

500 .

0 5 10

+*-
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e 3

Vertical Displacement, 10-4 inch
Horizontal Strain, 10-5 inch/inch

Figure 2,6, Load-Displacement-Strain Curves (Problem 2.4)
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Note: All elements failed in tension.

Figure 2.7. Progression of Failure in Problem 2.5.
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Figure 2.8. Load-Displacement-Strain Curves (Probiem 2.5).
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Note: All elements failed in tension

Figure 2.9, Progression of Failure in Problem 2.6.
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0 4= ~+ + +
0 1 2 3 4
Vertical Displacement, 1074 inch
—_—
0 1 2 3 4 5 6 7 8

Horizontal Strain, 10-5 inch/inch

Figure 2,10, Load-Displacement-Strain Curves (Problem 2.6).
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2.7 Three-dimensional Anisotropic Problem

Elastic Moduli:
El = 3,000,000, psi
E 5,700,000, psi
5,700,000, psi

2

%3

Allow, Compressive Stresses:
15,000, psi
27,000. psi
27,000, psi

Q@@L @
] i ]

Allow. Tension = .05 of Allow. Compression

Allow, Shear = .10 of Allow. Compression

Poisson's Ratios:

By = .25
By = .23
My = +23

Shear Moduli:

G, = 1,600,000 pst
G, = 2,800,000 psi
G, = 2,800,000 psi

Finite Element Mesh (Whole Cylinder):

3 radial divisions
8 circumferential divisions
2 axial (Z-axis) divisions

Directions of anisotropy are indicated in Figure 2.11,
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p a, = 10°

2
Note: @ = Qo
F = Front element failed. 3
FB = Both front and back elements
failed. Directions of Anisotropy

Figure 2,11, Progression of Failure in Problem 2,7,
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Figure 2.12, Load-Displacement-Strain Curves (Problem 2.7)
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2.8 Three-dimensional Non-homogeneous Problem

Elastic Modulus = 5,500,000 to 6,500,000 psi
Allow. Compressive Stress = 22,000 to 32,000 psi
Allow. Tension = .05 of Allow. Compression
Allow. Shear = .10 of Allow. Compression
Poisson's Ratio = ,23to .25
Finite Element Mesh (Whole Cylinder):

3 radial divisions

8 circumferential divisions
2 axjal divisions
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Note:

Front element failed. 1
Back element failed. P

Figure 2.13. Progression of Failure in Problem 2.8.
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2.9 Discussion of Results and Conclusion

It is difficult to verify explicitly the theoretical correctness of the
present solution due to lack of an alternative solution to compare the re-
sults with. To compensate for this situatior}, extensive long-hand checks
were undertaken on the individual routines that make up the program. The
results, on the whole, are fairly reascnable and seem to indicate the cor-
rectness of the whole program and the theory upon which it is based.

The unrealistic failure shown in Fig., 2.1 could be attributed to the
following:

1) Coarseness of the finite element mesh,

2) The simplifying assumption used in anisotropic cases (second

paragraph of section 2.1) that the critical direction is neces-
sarily along one of the principal stresses.

Item 1) above could also be the cause of the unrealistic failure patterns
shown in Figs. 2,3 and 2.5, It should be noted that although the meshes
shown in these figures appear to be relatively fine, they are actually approxi-
mately six times coarser than the mesh of Problems two and three of the semi-
annual report (see page 49 of same report). Unrealistic failure pattern were
also observed during the debugging of the previous two-dimensional program
when coarse meshes were used.

Problems 2.3 through 2.6 were run to determine the relative merits of
the two failure criteria used in the program. There is no significant dif-
ference between the two as far as the failure patterns are concerned. The
displacement and strain curves, however, differ considerably particularly
in the coarser three-dimensional mesh (see Figures 2.8 and 2.10). The new
failure criterion seems to yield consistently definable curves while the old
criterion does not. Thus although the failure patterns are unrealistic, the
plots show a much better relationship between load and strain and load and

displacement.




Table 2.1 shows the results of the nodal reordering carried out in
connection with Problem 2.7, It took no more than 30 seconds to complete
the whole reordering process.

Table 2.2 gives some information concerning the sizes of the test
problems described in this chapter. The maximum number of nodes and

non-zero elements of the stiffness matrix that the program can handle are

indicated in Table 2,3. These limits may still be increased depending cn

the computer used.
All mathematical operations in the program are carried out in single
precision. It may be necessary to resort to double precision to reduce

rounding-off errors,




Table 2.2 Test Problems Comparison

Execution Number of % of Non-zero

Problem Dimension Time (min.) | Load Cycles Elements

2.2 3.10 6 12,27

2.3 1.55 7 11,20

1,55 11.20

5.60 15.56

5.91 15.56

9.00 21.09

15.00 21.09

Table 2.3 Program Limits

2-Dim
No. of Nodes 500

No. of Finite Elements 480

No. of Non-zero Elements in
Stiffness Matrix 25,000




APPENDIX A
PROGRAM LISTING

The program listed in the following pages is written in Fortran V
language for use specifically in the UNIVAC 1108 Computer located at the
University of Wisconsin - Madison campus. It requires six external storage
units (either tape or drum) which are assigned the numbers 10, 11, 12, 13,
14, and 15. The contents of the files written in units 10 and 12 continually
undergo changes during a program run making it necessary for these particu-

lar units to posses random access capabilities,

In addition to the subroutines listed, two other subroutines,
RANUN (R) and RANUNS(N), are called in the program during execution of non-
homogeneous problems. RANUN(R) generates pseudo-random numbers as-
suming a statistically uniform distribution while RANUNS(N) sets to N the
starting point of the random number generator; N is supplied by the user.
Both subroutines were developed by the Madison Academic Computing Center
(MACC) and are part of the MACC Random Number Routine package.

Except for the replacement of RANUN (R) and RANUNS(N), there should

be no difficulty in making this program adaptable to other computer systems.
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Ad
1.

2
3

Be
'Y

8,
L &
100
1l
12,
13,
14,
18,
17,
18,
ie,
20,
21,
12,
23,
24,
28,

2b
27,

208,

29,
30,
31,
32,
33,

i LI

s,
Y
37,
3s,
3y,

_ .40,

41,
42,
43,
44,
48,
LT T
47,
48,
49,
$0.
B,
$2,
3,
S4,
8,

nowr\rsncsr!

[a Mo}

" MAIN PROGRAM

00000.000000000000003000000000.1000000000000
COMMON/FUNKY/NBRC (S00) ,NREO(500) ,NOER(500)
COMMON/RUTH/LOC(25000) ¢NTNN NB NX,M{NUM
COMNON/JNF[R/NR.NS.NZ.NWOP.NDIH
COMMON/TANAL/RO RS, T0,TS42S,NY,HNS
COMMON/LEYTE/RC(30) ,TC(50),2¢(30)
COHNON/QGAND/C(..B)05(9029)‘H
COMMON/SANNA/PD(480,3) PHMAT(3,8)
COMMON/ABALN/D(3,800) -
COMHON/NANAY/CR(J.S).N'

COMMON/ JANET/NSPD ,NWSD(100) ,SPD(100,3)
COMMON, BORAP/NLOD (100) ,CNLD(160) (NE ,NER
COMMON/TATAY/1S0)ALF) JALF2,ALPI EL,E2,E3,P1,P2,P),
1 61,862,653

_DIMENSION BRC(B00) JCRT(3,3),C8N(3,3)1,LA020),

ILAC(25000) ¢NM(3) ¢ NOD(B) P({3),PT(3),8(3,300),
3L 129024 4SLDI124924) ¢STRS(4),VVII)euwid)
FQUIVALENCE (DU14301)49)0(LOCLAC)

DATA VV/ICOMPRE! (1 TENSIO, 'SHEAR] Y/

OATA WW/0SSIONY (INY ,oNGge/

DATA (CelallalwloaB)/taolonloolosdottoslonlos
DATA (C(241) 4001 48) /@b 0 ym) o qlogloo®logeloolagles
DATA (CU3ofdolnloB)/@)oqlooloe®los®logloslosm}e/
DATA (Ct4y 1) o1l o8)/ 0@l goloo®loglog®logloo®le/
DATA (C{Sy13019148)/®f0s®losmioemiaglonlosloglers
DATA (Cibdy1)ol®l 481/ agloe®los®loo®los®loglogles
DAYA (Ct743)1imioB)/lasmloominodoentestoslagmlas.
DATA (C(8,y1)41®1B)/@lagloymloglogloe®larlogmle/
READ IN ODATA

SO » =) , HOMOGENEOUS AND 1SOTROPIC

190 @« 0 , NONHOMOGENEOUS .

1S0 ®» | , HOMOGENEOUS AND ANISOTROPIC

NNOP o 0 , PORTION QF D1SC 1S ANALYZED = ..
NWOP = | , WHOLE OI1SC IS ANALYZED

NZw0O FOR 2¢DIMENSIONAL PROBLEMS

READ 100.!SO.NR.NS.NI.NNOP.ND!N.NCYC.NERQNSS
READ 102,TCRT3CRY EM] EM2,C8),CS2,PR},PR2

READ IOM.POSH.YRN.DIA.H.NT:P.NCDY

READ JOONSY!1 NSY2,MST]  MST2 —— —
LRMa]1SO

NIDAeSND Mo}

INGAP(NDIMe] )50

INGO=SQ0/(NDIMe])

NRiaNRe)

NTeNS=NNOP

NSioNTe|

NZluNZe}

READ 102,(RC(1)y1@] yNRI)

READ 102,(TC(1)s2m)yNSI)

IF (NDIM ,EQ, 2)80 YO )

READ 102,(2€C(1)al®loN2Z1)

PRINT J0O

NYNN®(NTe))e(NZe|)o(NRe])

NELEMeNReNS




840
57,
58,
89,
60,

62,

C PRINT 311,61,62,63

14

IF INDIM +€Qe 3INELEMuNELEMONZ
1P (1S0)4,4,8

DO 6 =) NELEM
PO(l1)mEM]

PD(L,2)ePm)

FD(l,3)sCS)

PRINT 301,EM]

PRINT 302,PR]

PRINT 303,c¢8!

60 Y0 o

READ 104,N

CALL RANUNS(N)

DO 7 le| NELEN

CALL UNIFPRM(EM] ,EN2,EMS)
CALL UN]PRN(PRI.PR!.PRS)
CALL UNIFRN(CS],C82,C88)
PD(],s1)eEMNS

PO(],2)ePRS

PD(l,3)ecCsSS

PRINT 306,EM],EM2

PRINTY 307,PR1,PR2

PRINTY J0#,cS81,¢82

60 YO0 ¢ .
READ lQZQAL'[QQLKZQALZJ&CJQC21C30210!2~ =
READ 102,E3,P1,P2,P3,61,62,6)
PRINT 326,ALF1 ALP2,ALF)
PALO®ClecC2

PALePALD
ALPleALPle,01748320928
ALF2oALP20,0174832928
ALPI®ALPIe, 0174832028
CS2eCO0S(ALF2)
SN2eSIN(ALF2)
CS3uCOS(ALP)Y)
SNInSIN(ALPY)

1P (NDIM ogQs 2160 ToO 2
PALOSPALOeC)
CRT(3,]1)ve8N2
CRT(3,2)0C820S8N)
CRT(3,3)ecS820cS)

PRINTY 30’.!].!2.!3

PRINT 310,P1,P2,P)

PRINT 312,¢1:€2,C)
NBe4e (NDIMe])
NWeQ

HNBeNB
NXeNBONDIN

NY® (NDIM®])e)
00 10 lwi,NY
DO 10 Jysl ,NX
B(l.J)ep,

0o 14 ,.lg’

00 14 Ja),s
FMAT(],u)m0,
PRINT JOo4,TCRT
PRINT 308 ,SCRTY




l 58

118, PRINY 313
119, PRINT 31%,D1A
118, PRINT 318,H
1lé, PRINT 3| 9,NELEM
117, PRINT 320.NTNN
118, PRINT J3156,(RC(I), 18] ,NRY) - —_
119, PRINT 317,(TC{1)s1@) NE')
| 120, DO 15 162,NS}
| 1214 15 YCil)eTC(1)0.0174832928
F 122, IF (NDIM «EQs 2)GO TO 16
. 123, PRINT 318,(2C(1)y1ml NZ1)
124, 16 CALL NDTND(LAC,INGALINGO) - e
128, CALL REORD(LAC,INGA,INGO)
; 1264 IF (MINUM oGY: INGAIGO TO 43)
127, (4 GENERATZ EXTERNALLY=LOADED NODES (NLOD) AND
i 128, (4 MAGNIYUDES OF LOADS (eNLD)
. 129, 1P (NSS (EQe OINSSeNS/2
130, NEnNZe| x
[ 131, ND® (NTo| )eNEONR
: 132, Ci.LDe=B0,
| 133, IF (NWOP ,2Q¢ |)CLLDee]000,
| 134, CRES=D,
E 138, NPeseNT
124, IF_ (N2 ,EQe 0)GO TO 19 . - I -
137, DO I8 lal,N2
138, NPONFPeNTo}
13s, NLOD(])aNFeND
140, COUMmoBo{ZC(lel)=2C{l))eCLLD
i 141, CNLD (1 )aCDUMSCRES
! 142, CRESaCDUM Y e 1
! 143, 18 CONTINUE
144, CNLD(NE)eCRES
148, 19 1P (NZ ,EQe OICNLD(!)eCLLD
146, NLOD(NE)uNDeNFoNTo |
147, 1P (NWOP  NEe 1)GO YO 22
148, DO 20 lsl,.NE —— il o et I e
149, NLOD (1 eNE)WNLOD(]1)eNSS
180, 20 CNLOD(JeNEIRCNLO( D)
! 181, NEoNEe2
182, 22 NLOD(NZe1) a0
183, NElaNEw|
184, 1P _INE]1 ,E@a. 0)GO TOQ 25 A S
188, DO 24 lal,NE]
186, NLlaNLOD(])
187, jiule]
l'.o DO 24 Jlll.N!
169, NLJaNLOD (V) )
_ 1404 17 (NOER(NLJ) 6T, NOER(N_L!))GO Y0 34
16}, TieNLOD(])
162, T29CNLD (1)
163, NLOD(J)eNLOD(J)
164, CNLD(1)eCNLD ()
168, NLOD(J)a?]
164, CNLD(J)nT2
. 147, NLIeNLOD( )
168, 24 CONTINUE

| 149, 28 PRINT 200,(NLOD(1)sl®|NE)




1704
171,
1724
173,
174,
17%.
1764
177,
178,
179,
180,
101,
182,
183,
184,
108,
1864
187,
188,
189,
190,

24

t 44

28

8!

8l

3o

32

A7 (V4 4EQe O «ORy J4 ,2Q, NTIGO 70 B3 .

SPD(NSPD,) )00y

NAY®(»Tel)o(N2e])

GENERATE BOUNDARY NODES (NWSD) AND MAGNITUDES

OF SPECIFIED DISPLACEMENTS (SPD)
IF (NWOP ,2Qs 1)GO TO 230
MOD® (NTe|)e(NZe})
00 26 [w],MD
NWSD(1l)el]
SPR(l,i)w0,
MRaANRO® (NZe))
HFPesMDeMR
NDReMDeNT
00 27 lal,NR 2
NWSD(MDel)uNDRONT ]
NOReNWSD(MDe )
NWSD (MF o] )nNDReNS
SPO(MDe1,119200,
SPD(MFe!,1)n200,
NSPDeM{I o MR
DO 28 1e},NSPD
$PO(1,2)00,
SPD(143)0200,
1P (NGOY o«ZQo¢ 1| oORe NOIM ,EQ¢ 2)80 .Y0 68
00 81 Jn)] ,NSPD
JoNWSD(4) =9
Jin{lel)/NAY
JEENAY® Jle|
JI®(1®J2)/(NTe})
1F (Jo 4ZQy 0ISPD(J,43)e0
CONTINVE
DO 83 Jel ,NTNN P =z s T
Jien(le]l)/N2Y
J2eNAYeyle|
Jie(leJ2)/(NTe})
JE4o e Y2aJ)e(NTe})
IF (JI oNE, 0160 TO 8)

1P (J1 (2Q. 0G0 TO 83
NSPDaNSPDe |
NWSD(NSPD) @]
SPD(NSPD,1)0200,
SPD(NSPD,2)90200,

CONTINUE

a0 YO 8¢
NSPDeONE

O 32 Jul,NSPD
NWSD(J)aNLOD(Y)
SPD(Jy1)v200.
$PD(Je2)80,
$PD(J,3)92000 -
IF (NGOT EQs 1 +OR, NDIM ,EQ, 2)60 70 34
00 82 Jsil,NSPD
leNWSD ()
Jis(le])/NAY
J2ONAY® )} e}
J3a(leJ2)/(NTe})
1P (J3 JEQ. 0)SPD(J,3)00,




228,
229,
230,
231,
232,
233,
234,
238,
236,
237,
238,
239,
240,
241,
242,
243,
244,
248,
244,
247,
248,
249,
290,
28],
2%2,
283,
284,
255,
2%6,
287,
2%s8,
259,
260,
261,
262
263,
264,
265,
266,
267,
268,
269,
270,
27,
272,
273,
274,
278,
276,
277,
278,
279,
280,
281,
282,
283,

82

84
8s

29
34

] )
400

60

CONY INVE

DO 84 le] ,NTNN

Jle(la]j/NaY

J2sNAYe 1o}

JIB(1eJ2)1/(NTe])

JivnieJ2aj3e(NTe])

1P (JI NE, 0160 YO0 8¢

[P (Ji o€Qe NR ¢ANDe J4 osrQe 0)GO To 84

17 (J1 +8Q¢ NR oANDs U4 +EQ NSS)GO YO 84

NSPDaNSPDe |

NWSD(NSPD}w!

SPD(NSPD,1)9200,

SPDINSPD,2)2200,

SPO(NSPD,3)u0,

CONTINUE

NSIaNSPDw|

DO 29 1el,NS!

NWleNWSD(])

IS RED

00 29 Jelg,NSPD

NWJeNWSD(J)

IF (NOER(NWJ) +6GT, NOER(Nw}!)) @0 Yo 29

TIsNWSD (1)

T2eSPD(},1)

T3eSPD(1,2)

T4aSPD(1,3)

NWSD(I)aNWSD(JV)

SPO(1,2)08PD(J, 1)

SPD(1,2)eS8P0(U,2)

SPO(143)aSPD(Y,))

NWSD(J)nT}

SPD(JylrmT2

SPD(Jy2)0T7)

SPD(Jed)mTy

NW]aNWSD(1)

CONTINVE

PRINY 201, (NWSD(1)y1my,NSPD)

FORM STIPFNESS MATRICES OF TYP!CA; ELEMENTS AND
STORE IN AUXILIARY UNITS 13,14,18

IF (NER 4£Qs 1)GO0 YO 40

MINUMSNELEM/NER/D

IF (NELEM 46T MINUMONER® 3 ) MINUMRMINUMe ]

MINAMSMINUM

JiLL®0

DO 38 =) ,NELEM,NER

JILLsJILLe)

JORUMS( JILL=1)/MINUMe; )

CALL NQDES(NDIM,!,NOD)

NDIaNOD (1)

NDFaNOD (NBwl)

CaLL INTEG(NDIMy1 ¢NDI ,NDF ,SL)

WRITE (lDRUM)C(SL(L!oLZ)oLlnl.NX).LZ!!.NX)

PRINT “DD.!.‘(SL(LloLZ)oL!-l.G)oLzﬁlo‘)

CONTINUE

FgRH:Y (2SHOSTIFF, MATRIX OF ELEMENT ,14/(8E11:5))

BUILD UP GLOBAL STIFFNESS MATRIX AND SOLVE roOR

NODAL DISPLACEMENTS




284,
285,
284,
287,
288,
290,
291,
292,
293,
294,
298,
2%,
297,
298,
299,
3on.,
30|,
ip2.,
303,
304,
308.
304,
307,
308,
309,
310,
31,
312,
313,
3y,
318,
314,
317,
Ji8,
3,
320,
32,
322,
32y,
324,
3a2s,
324,
327,
328,
! 329,
330,
33,
332,
3N,
334,
s,
336,
337,
33s,
339,
340,

40

41

21

23

12

3

3

CALL FAcCTOR

00 41 lwl NELEM

BRC(1)my,

DO 80 Mywj,NCYC

REWIND 12

MXwmQ

PRINT 202,M1

CRLFs=0,

MINUMSNTNN

DO 43 e} NELEM

IF (BRC(]) oLEe 0,160 TO 43

CALL NODES(NDIM,1,NOD)

NOlsNOD (1)

NDFeNOD (NB- )

CALL COOROS(NDI,RDI,TT1,221)

CALL COORDI(NDF,RDF,?TF,22r)

ROa Se(RDFemDI)

RSe 80 (RDFaRD})

ISe S50(22re221)

IF (TTF 4LTe TT1)TYFm4.283188307
T0w 80 (TTFeTT!)

TSa,50(YTFaTT])

CALL STRESS(1,NOO,STRS)

CALL PSYRES(ND!H.LRH.S!RS.P)

1F (LRM oNE. 1)GO0 TO 3}

AleaALFlaTD

CRY(1,])0CS2eSIN(AL)
CRT(2,]1)meCS20COS(A})
CRT(I.Z)-c330COS(AI)03N30SN2051N(AI)
CRT(Z.Z)-c530S!N(AI!-SNJ‘SNZOCOS(AII
IF INDIM (£Qs 2)GO YO ||
CRY(I.J!'C530SNZOSIN(AI)-SN30COS(AII
CRY(Z.s)--csscsNZOCOS(Al)-SN).st(Al,
DO 23 JAw] ,NDIM,NIDA

00O 23 I1ae] ,NDIM

OUMeD,

00 21 Kui,NDIM
DUM-OUHQCR(K.IA)OCRT(KolB!
CSN(1A,1B)aDUMeODUNM

CONTINVUE
'OLIUCSN(NDleI)OCZCCZOCSN(NDlH.ZIOCIOCI
PoLZOCSN(;.|)0c20czqgsng|,z)o;;.cl
1P (NDIM 4gQ¢ 2)60 TO 2
POLI-PoLloc30C30CSN(NglM.J)oPALoPAL
P0L2uP0L20c30C30CSN(I.3)0PAL0PAL
PD(1+13)ePALO/SQRT(POL2)
PO(1,1)aPALO/SQRT(POLY)
CCCYaPD( ], ] )eTCRY
CCCSeSCRTe(PDI(1,3)ePD(],1))

ao v0 3

CCCT=PO(],3)0TCRT
CCCSm2.0PD(}s3)eSCRY
RTleeP(1)/PD(],))

RT2«P(NDIM)/CCCT
RY3a(P(NOIM)eP(1))/CCCS
BRC(I)WAMAXI(RT],RTY2,RY3)

1F (BRC(1) «GTo CRLFICRLFuBRC(])

61




32,
343,
Juy,
dus,

344,
4y,
4,
49,
350,
3B,
382,
3%y,
J6u,
Jss,
384,
sy,
3ss,
3ge,
360,
A Y 31
362,
343,
344,
3e8,
Jés,
367,
Jes,
3e0,
370,
371,
372,
373,
374,
Ars,
376,
377,
378,
37%e,
30,
e,
82,
383,
384,
Jas,
dee,
sy,
g8,
Ja9,
390,
3eg,
s 2,
vy,
3%,
des,
3%,
3e7,

43

4y

45
42

CONT INUE

DETERMINE ELEMENTS THAT "ATLED,y LaAlD)

110
DO 44 =], NELEM

ir (OQC(I).OLEO 0,)G0 TO &4
IF (BRC(1)/CRLF oLTo (1a=TRN))IGO TO 44

limlje]

LAlll)mg

BRC(’)'.].

CONTINUE

CRITICAL LOAD
CRL=10004/CRLF
PRINT 199,¢cRL
NISNTNNeNOER(NS | )e]
N2aNTYNNeNOEZR(NST2)4]
MIGNTNNeNOZR(MST] )t
M2eNYNNeNOER(IMST2) ot

anr-(Rc(z)-RC(l))OCRLF
STRN-(O(I.NZ)-O(I.Nl))/TEMP
STRn-(O(l.Mz)-D(l.Hl))/TEHP

AVE®w ¢ S0 (STRN*STRN)
PRINT 203

PRINT 204,STAN

PRINT 208,STRM

PRINTY 206,AVE

REWIND 1)

REWINO 4

REWIND 18

NM(])ag

NM(2)w=0

NM(3)=0

PRINT 207
NLPe(NEe})/2

DO 42 Iwi,NLF
NLCeNLODI(])
NUNsNTNNeNOQER(NLO) #1
CNLI®CHLD(T)OCRL/CLLO
OZI'D(l.NUN)'CRLIIOOO.
IF (NE .€Q, 1160 T0 48
JeleNLF

I7 (J «GYs NE)IGO TO 48
NLA®NLOD(Y)
NANaNTNNeNOER(NLA) o]
CNL2eCNLD(J)CRL/CLLD
DZ2=D(1,NAN)OCRL/]1000,

PRINT 209.NLO.CNLIoDZluNLAoCNLzoDZR

GO0 Y0 «2
PRINY 209,NLOCNL),0Z)
CONTINVE
PRINTY 211

17 (NDIM +£Qe 2)PRINT 214
IF (NDIM +20¢ 3)PRINT 212
REVISE AND THEN DEOUCTY ST

DO 79 1el,11
SHEAR FalLURE
1CODEe)
LDAsLA(])

IFFNESS OF FAILEO ELEMENTS
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oo,
400,
401,
402,
403,
404,
408,
404,
407,
408,
409,
410,
411,
412,
413,
“lu,
418,
414,
417,
418,
419,
420,
421,
422,
423,
424,
42y,
426,
427,
42s,
429,
430,
43,
432,
433,
434,
438,
436,
437,
43s,
439,
440,
44,
442,
443,
Y44,
445,
444,
447,
448,
4y,
430,
“s i,
“82,
B3,
484,

35

37

46
47

48

50
52

63

CALL NODES
NDIsNOD(])
NOFsNOD(NBe])

CaLL COORDI(NDIRDI,TT[,22])

CALL COORDI(NDF,RDF,TTF,22r7)

RO= .59 (RDFeRD})

RS=,80(RDFeRD!)

ISw, 80 (22Fa221)

1P (TTP oLTe TTI)YTFas,283,88307
YOI.S“?Y'O?Y:’

TSu Bo(TTFaTT!)

CALL STRESS(LDA,NOD,STRS)

CALL PSTRES(NDIMy1,STRS,P)

IF (LRM (NEs 1160 TO 35
PT(2)sPD(LDA,1)eTCRTY
PT(J)-oSOGPD(LDA03)¢PD(LDA.l))'SCRY
GO TO0 37

PY(2)ePD(LDA,3)eTCRY
PT(3)sPD(LDA,Y)OSCRY
PY(L)@aPD(LDA,Y)

RYlseP(|)/PD(LDA,))
RTY2sP(NDIM)/PT(2)
RY3'-5‘(P(ND!M)-P(I))/PY(J)

17 (RY1 ,GTe RT2)GO TO 46

TENSILE rajLune

IF (RT2 .67, RT3I)I1CODES2

GO 10 47

COMPRESSIVE FPAJLURE

17 (RT1 46Ty RYI)ICODEW]

PRINT 2lJoLDh.VV(lCOD!).!l(ICODE).jsTRS(LI).LloJan).
LEPLLL) yLlwl yNDIM) ,PT(1CODE)

IF (Ml 4EQs NCYC)IGO YO 80

IF (NER ,EQ. 1160 Y0 80

NN (LDAe|)/NERS|

NMNw (NNe])/MINAMe|

IDRUMSNMNG |2
~An-~~-¢~n~-1)oanAn-Nn(unN)

IF (NAM 'EQy 0)GO YO 82

DO 48 Ims],NAM

READ (IDRUM)((SL(LI.Lz)oLl'loV “ob2m] yNX)

(NDIMLDA,NOD)

CONTINUE
NH‘NHN)INN.(N"N'I)*H]NAH
60 10 §2

CaLl !NYEG(NDlﬂololoNoloNDVQSL)
IF (1CODE +NEy 2)G0O TO 60
IF (NTEP +EQ+ 1)GO TO 40
NWs |

I (1S0 +EQ, 1)60 Y0 8¢
130=]

EIsPD(LDA,])

E2sE]

17 (NDIM LEQ, 2)E2s=0,
£3s=D,

P1sPD(LDA,2)
P2ap|

P3npr)
CINEL/2,/(1eoP))




460,
461,
462,
46),
464,
465,
466,
467,
468,
4é9,
470,
4710
472,
473,
V74,
“y8,
476,
477,
478,
479,
480,
“.l.
482,
483,
484,
488,
484,
487,
408,
489,
490,
49,
492,
493,
494,
498,
496,
497,
498,
499,
500,
80,
802,
803,
804,
$08,
%06,
$07,
808,
s09,
$10,
S$ity

59
60

¢l
62

64

(1)

66
68

(3

71
72

73

G2m !

GleGl

GO YO S%a

FOR ORIGINALLY ANISOTROPIC DISCS
CONT INyF

0000000000000

CALL INTEG(NDIM,LDANDI ,NDF,SLD)
0O 89 Liw],NX

DO S% L2e1,NX

SLDILIoL2)aSLD(L) yL2)eSLILY,L2)
GO T0 62

DO 61 Liw®],yNX

DO 61 L2®l NX

SLO(L) oL2)wePOSMOSL (L], L2)

00 77 Ljej,NB

LILeNOD (L1

LXeNOER(LIL)oMX

MXONOER(LIL)

IF (MX oLYe MINUM)MINUMaMX

I7 (LX (LEs 0)GO TO 45

IF (LX +EQs 1)GO YO 68

LXa_Xw|

DO 64 lAs],LX

READ (1ZINNI ((StKyJ)oKP] NOIM) ym) (NND)
CONTINUE

60 T0 68

NXXelel X

DO 66 lam) NXX

BACKSPACE 12

CONTINUE

READ  (12)NNIo((S(KyJ)yK®) ,NDIM) g ,NND)
BACKSPACE 12

IDUMs (L1e|)eNDIM

0O 69 la®) ,NDIM

I1AwlAelDUM

DO 49 1ae],NDINM

118e18e¢DUM
StlA.lBlnStlA.lB)OSLD(lIA.Ilal
IF (MX 4EQe NTNNIGO YO 76
NNONNJI/NDJMw]

DO 75 (2=],NB

LALaNOD(L2)

JXaNOER(LAL)

IF (JX oLE, MX)GO TO 7B

NBCeNBRC (MX)w»]

DO 71 L3e}, NN

LLdeL)d

1P (LOC(NBCeL)) «€Q¢ JUX)GO YO 72
CONTINUE

IDEMalLL3IONDIM

IDAMO (2«7 )eNDIM

DO 73 lAs=] NDIM

J1AslAeIDUNM

po 73 IBm] NDINM

1JAulBeiDENM

118e1Be1DAM
scle!JA)OS(!A.lJA)OSLDtllA.lIBI




$13,
514,
518,
$16,
$17,
51n,
819,
520,
%21,
522,
§213,
524,
528,
824,
827,
528,
§29,
$30,
53'.
£$32,
533,
$34,
8335,
$36,
837,
6da,
Sle,
840,
541,
842,
8543,
S44,
545,
S4a,
S47,
S4a,
549,
580,
581,
562,
5§83,
584,
585,
884,
587,

1.1

$5e,

540,

Sé1.,

562,

LY RN

564,

$65,
864,
$47,
S48,

65

7% CONTINUVE

76 WRITE (:z;uns.((S(x.J).x-x.Noxn).Jnl.NNS’
BACKSPACE 12

READ (lZ)NNJ.((S(KoJ)yK-I.NDlM).J'loNN3’
77 CONTINUE
1SOalLRM
79 CONTINUE
CALL PCTOR
80 CONT)NUE
100 FORMAT (9)8)
102 FORMAY (8F10,0)
104 PORMATY (4F1060,218)
106 FORMAT (1109
199 FORMAT (17HOCRITICAL LOAD = 'E12¢4)
200 FORMAT (27H0£XTERNALLY-LOADED NODES «w,
10(IQ.IH.)/(27XO‘(l“OIHo)))
201 FORMAY {18HOBOUNDARY NODES e, JO(14,1H,)
2/(!8!.10(!4.1H.)))
202 FORMATY (10HOCYCLE NOo 13,8KH #e0es)
203 FORMAT {JeHOHORI ZONTAL STRAINS At CENTRAL POINT)

204 FORMAT (17H FRONT END = sE1045)
205 FORMAT (17TH BACK END w sE1DaS)
206 FORMAT (17H AVERAGE s GEIDs5)

207 FORMAY (IHDW 11Xy "RADIAL DISPLACEMENTS AT LOADED NODES'/
12(" NODE",8X,' LOAD "iSXy"DISPLACEMENT Y, 10X))

209 FORMAT (208 ) X 4ELIDS SKyEIDL5,10X))

211 FORMAY (1HO;9X ) I PHSTRESSES | N FAILED
1JIHELEMENTS (DUE TO 1000=_.gs LOAD))

213 FORMAY (16,4X0A61AS,10(1X,£1045))

212 FORMAT (v ELEMENY FaqL, MODE RADIAL CIRCUM, ¢,
o AX1aL SHRRC SHRRZ SHR¢Z ',
2 PRNCP, PRNCP2 PRNCP3 ALLOW, )

214 FORMAT (' ELEMENT FAIL. MODE RADIAL CIRCUM, v,
1 SHRRC PRNCP| PRNCP2 ALLOW, )

300 FORMAT (20HIMATERJAL PROPERTIES)

A0 FORMAT (23N ELASTIC MODULUS = ,1PE12,4)

302 FORMAT (22K POISSONS RATIO = WFh,e2)

303 FORMAT (28N ALLOW, COMPR, STRESS = 12PE1043)

306 FORMATY (234 ELASTIC MODULUS = 2IPEL1246,
144 TO ,1PE12,6)

307 FORNMAT (224 POISSONS RAT|O = WFH,2,
JUH TO ,F4,2)

308 FORMAT (28H ALLOW, COMPR, STRESS = '2PE1043,
144 10 ,2PE1043)

309 FORMAT (19 ELAST]C MODUL1/8X,SHE] & ,|PE12,6/
18X ¢SHE2 @ ,[PE12¢6/8X,5HED 2 IPE12,6)

310 FORMAT (20N POISSONS RATI0S/8X,84P| = WFee2/
]OX.SHPZ L .rﬂoZ/Bx.SHPJ 8 FU,2)

311 FORMAT (17n SHEAR MODUL|/8X,54G] = WIPEL2467/
18XySHG2 ® ,|PE)2,6/8X,5HG) w ' IPE12,6)

312 FORMAT (274 ALLOW, COMPR, STRESSES/8X,5HC! = ,
12PE10+3/8X,5HC2 = '2PE1003/78X 8SHC3 ® ,2PE|043)

304 FORMAT (28nM ALLOW, TENSL, STRESS = WFé,2,
117H OF ALLOWe COMPR,.)

3OS FORMAT (28H ALLOW, SHEAR, STRESS s ,F4,2,

117H OF ALLOW: COMPR,)
313 FORMAT (28HODIMENSIONS OF DISC SPECIMEN)




e e

569.
570,
€71,
572,
573,
874,
§75,
§74,
877,
578,
879,
580,

66

314 FORMAT (1éH DIAMETER = ,F5,42)

318 FORMAT (17H THICKNESS & ,FS.2)

316 FPORMAT (19WHORADIAL COORDINATES/(4X¢10(Fbe2,1Hs)))

317 FORMAT (IBHOCIRCUMFERENTIAL COORDINATES (DEGREES)
17C9%X010(F6e2:1H4)))

318 FORMAT (14NOZ=COORDINATES/ (4X,10(Fb6e2s1He)))

319 FORMAT (24NOTOTAL NOe¢ OF ELEMENTS =,14)

320 FORMAT (21HOTOTAL NO, OF NODES ®,14)

326 FORMAT (¢ ANISOTROPIC®/BX("ALPHAL ® *,2PE10,3,

1' DEGREES*/8X,'ALPHA2 & ¢ ,2PE1D.3/8X,'ALPHAY & ¢, 2PE10¢3)
43) sSvor

END

END OF COMPILATIONG NO DOIAGNOST]CS,




' 67

05 SHAROUT 1 WE NBTHND I SD, INGA, INGD)
7 C oooo-cooco.cOoot.cooooo.00.000000.oooooo....o'cn'o'
1. C GEFHERATES NODES CONNFCTED TH NODE [ AND WNRITES THEM
4. [ [N AUXTLTARY STORAGE
5 c FORMS Hoatien COUNTFR ANRAY, NARRCI(T1]
e (' .000.00.00.0000..0..0000000Q.‘Q.‘.O..QQ..O......Q.Q {
s c |
s n. COMMON/RUTU/LOC (26000 ,uTHN NB P, MISTY |
. 9. COMMON/EUNKY/ IRRC(SAN | yNRED (SO0 ) yNAER (500)
) 1n, conunu/;nrrw/uR.Ns.NI.anp,lnln
8 TG NIMENS AN McON(Z?).LSn(tNGA.!NGo)
’ 12. NTa4S~1} 4P
) 11, UNDE(NT+ 1 e (12
14, IS
i L PO 16 3] ,yTNN
’ | Mz=Me |
0 2. J1i=0l=1y7un
: 1%, 1231INe |+
! 172, J3=2(J=u221/(NTe])
20, NCON (21 =1«1iD
2. MCON (1 1aNcDON(2) =)
' 2is 1€ (MYNP gi0e 1 oaMDe | oFn. (J2*J3eNSHINCON(] )=NCON(21eNT
. 2 HCOMN (V) 3INCON(2]1+]
24, IF LHY0™ arQe 1 oANDe | oFQ. I[/NSeNSINCON(3)=NCAN(2)=NT
' 2%, MCAN  (4)yaNncON(Y)eND
24, NCOM (Sy3NcON(4)+ND
27. NCOH (6)1s3]eND
2n, HCON (RBysNCON(])eND
29, NCON (713NFON(H)*NN
In. TF (1D oFRe 2150 To 3
Il MCIN (P)=NCONLL)=NT=]
3>, HCONCLID ) =NCON(2)=NT -]
I, HcﬂM(ll|=Nc0N(3)-NT-l
34, HCON (L 2yaNcuN (L1 YeND
4. NCONCIYr aNenN(121enD
k YA HECOIT19y2CON{Al=NT e
37. HCOMOLA) e AN *ND
ln, HCDNCID ) syc0ti16) 8D
3. NCOAINC{7)yz1aNT=]
4n, NCANCTH Yy aNEON( LI ¢4 T e
4], HECINC19)aNCON(2)oNT ]
CLio UCANE2N ) aNCOH{I)+NT + |
43, HCY (21 1aNrnr(20) e
Yu, "NCON(22)aNCON(2]1 14NN
L L HCONE2I)aNCON(A)*NT
LY TEINL25)3NCONC IR enND
47. HEY (29 )3NCONI25) e D
4n., HCON(26 131 eNT |
49, Ir (JY .2Qs 0 «OR. U3 ,FrQ, NZ) GO To |
5n, Hn TN 3
S1. 1 HI=0J¥/N2e)e?
52, NFaN] +R
S3. N2 JaNT,F
S4., 2 NCOWN( JYan

5%, 3 IF Gl «CQRe 0 «0OR, g1 LEN. NR) 60 To M




HA.
57.
58,
590
AN
L.
62,
Ale.
by,
Aty
hA,
b7
AR,
/aQ.
7N,
71.
72.
73.
74,
7¢.,
76,
77
70,
79,
an.,
21
A2,
R‘.
ARy,
a5,
r‘".
“70
An,
RQO
‘.’nu
71
92.
93.
9“0
9q,
94,
7.
9”0
99.
yaon,
1nl.
102,
103,
1Ny,

FND NI

>N

12

13

n
146

COMPILATION:

Gn T0 4
Hiz=l*Jl/MReY
NF=NT+2

DO 6 gsN| ,NF
MCON(J)=2D
NC”N(J*S’zﬂ
NCON{J+17)=n
[F (NY0? «EQe 1160 TA
[F (M emQe N)IGY TO 7
TF (M o NT) GO TO 3
GO TN 1

NCON (120
NCJIM (B)=20
NCON (7)=0)
NEON (9y=D
NCONTL6YyaD)
NCONTL1S)y=()
ICOAIN(13y=
NCONL25)y=D
NCAN(24)2(

6Gn T |1

Do 9 JUsy,8
NCON(J) =D
NCOH(Jeq)an
NCONTJ+ 1 T )=}
Mz ]

HBRC (1) 224

IF (INDIM «FEQo
MMaNARRC(])
NCOHN(MMel )uD
MM =MM -

DO 14 Uzl ML
LE INCON(JY oeNFe
NEENE B

DO 12 K=J] MM
KJsK

TF INCON(K)
CONTINUE
NFRC(]l )aJ=]
GO TN 14
NHCONC( JY3NCANIK ))
NENN(K Y)Y =0
COonTINYFE
HejsMHRE (1)

nn 1N Jazt, uN
LSNPSyl r=NcOiY)
CONTINUF

REIZTHRN

FHn

11

2)NARC (1128

0) GN TO 14

eNFe N) GO TO |3

NO

DIAGNNST IS,




T
[TIN

f‘.

ho
7.
a,
QO
1N,
It.
12,
l?.
lu,
18,
|
17
I13.
19.
2N,
21,
22,
23,
24,
2%,
2h,
27,
28,
29,
an,
Al
32,
3“.
34,
e,
6.
A7,
:‘ﬂ.
‘9.
"n.
i,
42
iha,
4y,
G,
44,
857
4p,
4y,
5C.
S1.
52,
53,
54,
e,

AN

N

(K
18

14

]

19

SURROUT | NE REORDILSN, TNGA,INGO)
0000100.00000.000000000..0...00.'.

HEAR=0PTIMAlL REORDFRING OF NADFS
0.......QC...“.‘.............C..C

COMMON/RUTH/LOCL2500N) yNTNN,NIS NP (MISTY
CONMOI/FUINKY/NARC(S00) ,HREN(SNO) 4 NOFR (SON)
COMMON/ INFER/NR ¢NS,NZ yNWOP , INIM
DIMENSIOY LACI00) ,LSPINGA, INGO)
REWIND 1

PRINT 10D

J=0

HZET=()

HONM= DD

00 7 )=1,HMTNN

JF (MBRCUUT) oi1.Te N) GNA TO 7

TF (NORCt]) «GEe NDUM) GO TO 7
NPDUMENRRC (1)

JLoCT=1

CONTINOF

JLOC=JINET

JLOCT=n

JaJe]

MRFEO () =aL0C

HOFR(JI.;Clay

MNaMARC (JLOC)

WRITE (11 200)0MNy (LSDIL 4JLOC) 4l =l (NN)
MP?2FT=NIET+NM

MMEMNM

TF (U eFNe MTINMN=1)GN TO 24

PO 23 1zl (NN

FLOCsLSNh T, L0C)

FMzMRANC EKLLOC)

TF (MM (GTe INGAIGD TO 30

00 14 Jumit MM

NISE NN

TE LLSDUUO,KLECT o+ERW JLOC)GO To 1%
CONTINUFP

MlsMM=]

CO 16 Lp=an,Ml, |

LS LyKLOC ) =LSDI L+ ,kL0CH

HRRC AL NC ) aHRRC(KLOC) =1
MM=NRRC (K| NC)

00 19 Jas] NN

IF (LSO (JU,JL0C) oEQe KLOCIGO TO 19
Do 1R =] MM

LF (LSDED,JLOC) oFR, LSDILL 4XLOCYIGO TN 19
CONT(NUE

HRRCIKLNC)IeMBRC (K| OC) +]
MzNARCIKLOC)

LOD(M K NCImLoD(JY,JL0C)

CONTIMNUE

TP (NHRCIKLOC) +«GTs NM) GO TO 23
NM=MNRRC(KLOC)

JLOCT=K] OC




23 CoMNTINUF
MBRCIILNC ya=MRRC (YL OC)
Ir (JLOfT LEQ. 0) GO To &
G TO A
HREOCHTNH Y= .SD( 14 J1.0C)
Lal=LSnei,010¢)
HOFPR{LAIYaNTIN
TNNaMTH
7CTaNZET+ilTNN
PRCTRLET/THHNS INDW/TNN
REWIND
Madal
MYAZHTNN
No 29 1=1,1uTA
READ €11 4200) NN, (LACL) yL =] NN
NRRCl[)==NN
NNAsNN=-)
Ny 26 J=1 ,NMA
FLAdaL AL )
JYy=sle}
DO 26 K= NN
LAKsLA(K)
TF ANOERILAKY +GTy NNDER(LAU)IGO TO 26
TEHPaL A () E
LACJY=LA(K)
LAlk)aTFEMp
LAJ=LAL )
CONTINUY
PRINT LA 1 NRFOCT) g (LA tL) ,Lul ,KkN)
DO 27 K=) MM
LAK=LA (Y
NSJ3HS e
LOCISd)=aNOFRILAK)
NG =S g
LOC (NS Uy =
COMTINUE
PRINT 102, MTYNH,NRFOATHTNN)
PRINT 1n4,PRCT
10N VORMAT (0 RESULTS nF MODAL REORDERING?/
1'ANEFWN NOe  DORIGe NOD NODAIL CONMECTIONS (ORiGe NOSe)?*)
101 IFORMAT (*Qesetve ARRAY LENGTH IS EXCFFENED nssast)
200 FORMAT (1214)
IN?2 FORMAT (16,5X,T1614X422187(21X,2215))
IN4 FARNAT (A2HOPERCENTAGE OF NON=ZERQ TERMS = ,FS,.2)
Ho TO 3|
IN NISTYz=My
PRINT 101
A1 RETYRN
END

COMPILATINN: N NTAGNOST]CS,




e

Joe

4o

Se

b

7

8

L 2
10
| O
12,
13,
[9
15
16,
17,
18
19
20,
21l
22,
23,
24,
25,
26,
27 .
28,
29,
30.
.
32,
33,
3S.
Y-
37,
38,
39,
40,
41,
42,
43,
44,
45,
Y46
47,
48
Y9,
SU e
Sle
b2,
53,
S4,
55,

o ol al ol o

~ N

SUBROUTINE ELTOND (1DIM,1,LCON)

QoooooooﬁoooocoooQcocccoo000000000000000000000

GENERATES ELEMENTS CONNECTED TO NODE 1|
o00O0000‘.0000000000000000000.‘0‘000000000000.

COMMUN/JINFER/NR NS ,NZ,NwOP ,NDIM
DIMENSION LCON(B)
NTaNS=NwOPp
NOB(NT*])e(NZe])
NGENSeN?

IF (IDIM oEWQe 2)NGaNS
Jis(l={)/ND

J2uNDe jl |
JIs(l=J2)/(NT+}])

Ki=sJl

IF (NWOP LEws [) KJ3I=0
LCON(l)m|=(ND=NG)eJl=K3
LCON(2)sLCON(])=]

IF (NWOP ,EuWe | oANDs | oEQ, (J2+JIeNS) )LCON(2)ulLCONV )& T

LCON(I)=LCON(2)=NgG
LCON(Y4)BLCON(])=Ng

IF (I0IM +Eqe 2)GO 70O 3
LCON(S)sLCON(])=NS
LCON(6)sLCON(2)=NS
LCON(7,'LC0N(6)-NG
LCON(B)=LCON(S)=NgG

IF (J3 LEQ, O sOR, U3 otWe NZ) 6O TO |
GO 10 3

NisSeJ3/Nley

NFaeN]+)

DO 2 JasN] N}

LCONC(JU)mQ

IF (Ul +EQe O ,0KR, Ul sbwe NR) GO TO 4
GO TO 6

NIs3=J]/NRe2

HMEeENl+]

DO 5 JsN],NF

LCON(JY)=0

LCONGJUs4)=Q

IF (NWOP LEwe [)GO TO 9
Jim|=J2~J3e (NT+])

IF (J4 +EQse 0) GO TU ?
IF (Jy +EQe NT) GO TU 8
GO TO 9

LCON(2)=0

LCON(3)=20

LCUN(S) =

LCUN(7)=0

GO0 10 9

LCON(])=0

LCON(4)mY

LCON(S5)=Q

LCON(8)=Q

IF (IDIM +Eye 2)GU TO IQ




‘ 56,

97,
I 58.
59,
60,
bl
62,
63,

eNDp OF

JILCON(4)
LCON(4)sLCONLS)
LCUN(S)mJ
JISLCON( D)
LCUNE3IELCONGS)
LCONIbI oy}
10 RETURN
ENU

COMPILATONS NO pDIAGNOSTICS.

72




73
!
1o SULROUTINL NUDES (1piMy ] aNOD)
Z C S0 0800000000000 0000000000000000%000%000t0se
3. ¢ GElLWATES NUDAL NuMsERS OF ELEMENT |
e C 6000000000000 000100030000 va0000000000% 0480
Yo COMMON/ZUNFER/NR yNS yNZyNwOP gNU M
& DINMENSIUN NUOD(BI
7. HT&ENS
Be bE OnwUF sptie 1) MTENS=|
Y Mue (vT+] )e(n2e])
1U NGENSeNy
Il b (UM~ sbige 21hGzhS
12 bis=tl=1)7ng
13. Il"h(\'ll’l
l4, bss (=02 /NS
15 Kygs 14
16, bE (hWOP spye 1) Rasd
17 NOLEL)=f s (ND=NG)® || +K]
Ib. NobLtelanUD (| 1e]
ly. LE (NPOP oEWse | oANLs | otGQe [/NSONSINOVDIZ2Izpuli(b)mpyl
ZU NCUCIISNOD(2) eNy
21, NOGL (418NOD(])+ND
22 If (10N aEWs 2160 TU jg
23, NOUL (S )IEUL () eNT+|
24, NGLEO)ZHUD(2)enT*]
29 NCULZ)SNUL (ol #ND
26, NOL (D) ENOD (ST +ND
7, 10 KETURN
28, EnC
ENU OF COMPILATON: NU DJAGHUSTICS,




1o SUBROUTINE COORD3(I.RDC.TTC.ZZC)

20 C ‘.“.‘.OO0.00.0000000...00‘00‘00.000000000.000.00‘00‘0‘.
1 (g ASSIGNS RADTALyCIRCUMFERENTIAL, AND 2Z ORDINATES TO NODE |
Y o c “‘..OC..0.0.0‘0.0000.0......O‘O‘O‘.CO...O‘....O“.‘.C.O
S COHMON/JNFER/NR.NS.NZ.NwOP,No]M

be COHMON/LEVTE/RC(30)nTC(SD).ZC(30)

7. Z22Ca0,

A, NTsNS=NwOP

9, NO=(NTej)e (NZel)

1n, JIs(I=1)/ND

11, RDC=RC( le])
12, J2sNDeJj) e}
13, J3m(1=J2)/(NTe}l)

14, IF (NDIM +FQe 2)GO To 1

15, Z2CmZC(g3e})

144 ] JU4s]ed2aJ3e(NT+])

17 TTCoTC(yle])

18, RETURN

19, END

END OF CHOMPILATION: NO DIAGNOST!icS,




I SURROUT INE UNIFRM(A,B,C)

2. DsRANUN(R)
3. CzAe+(Bepr)en
4, RETURN

Se END

FNC OF COMPILATION: NO DIAGNOSTI(CS.,




1.
Pl
3.
‘..
Se
O
/e
He
‘).
10.
(le
(2o
13.
14
Ibe
loe
17
Lde
(9.
20
21
22
23.
24,
ZY
L6
27
28
29.
3U.
Jio.
R
33.
J4.
35,
Jo.
3.
JYe
9.
90
41
42
43.
Y4,
4% ¢
Y6 o
47.
48 .
“9.
50
‘J‘o
H2e
53,
S4e
S5bH .

13

SUBRUUTINE mIKKBUT G IMakRIR,yTL,Ly08B)
booc.oo‘-...000.o.ooo'o.o¢o¢ccco~0000'00Ocooc
FURMS THE MATKIX B AND THE MATKIA PRODUCT Deb
OOOOOOOQ0000‘OQO'OOC‘O‘C‘QOQ'QQC'OCQ‘QOCQOOCC
COMNUN/SANNA/ZPD (460,3) yFNCTRIB) JFNCTT(B)sFNCTZ(B)
COMNON/BGANU/((dvﬁ).5(6,24)."
COMIUN/TANAL/KAD RS, TO,TS,2SsNA,HNB
(uMHUN/IAYAY/lbOoAl.AZ.AJ.EloEZp‘3pPloPZoPJo
101,062,063

CUMMUN/NANAYZTT(3,3)sNw

DIMENSION 88(6.2“),FNCT(U),DPtb.O).o(b,b’.T(bpb)
NalaNx=|

Hyz4e ([DIM=J)e]lplm

IF (ILIM JEwe 2)00 JU 3

FHCT (L) =l o /RAD

FWCT(2)sR/ A

FRNCT(IN=TZ/RAD

FRCT (4 =2FNCI(3)eR

FLCT(S)=L/KRA0

FNCTUO)SFNCT(G) oK

FRCI(T7)I2FENCT (S ) 0Ty

FNCTUBI=FNCT(7)eR

FNCTR(2)2] 4 /RS

FNCIR(4)3T2/RS

PNCTR (6 )®2/KS

FUCIRIB)ZFNCTR (681,

Fucil(3)=]1,/RAD/TS

FNCTTI(Y)=R/RAD/TS

FNCTT(7)=22/KkAD/TS

FNCTT(B)RFENCTT(7) oR

FnCTL(S)®),/25

FNCILEO)®R /¢S

FuC12e7)mY1 2725

FNCTLZUB)®ENCTZ(7) oK

VO | Is],8

Bliyi) aFNCTR (L)

B(2,1) aFNCT(])

Bleyled) spNCTT (L)

BlIrl+le)=FNnCYZ( )

B(4,1) 2FNCTT (1)

Bl4yleb) sFnuCIR(L)=FNCT (1)

BiSyi) =FNCTL(])

bis,l+lel=fFnCTR ()

B(e,l+8) =FnlT2(1)

Blo,l+16)3pNCTT ()

Lt (1S013,13,6

PREpD (KK 2}

UJ=ob'PD(KK.l)/(l.¢PR)

DMeU 24/ (| e=200PR)

UVlsuMe(le=pi)

U2=pheph

Dy 2 1=a],424
UU(l.l)tDl-b((.1)00('(b(2.()’6(3o())
Hu(zo()*Ulbn(z.l’N)z‘(li(l.l)’n(JolH
hu(Jol)=Ulcﬁ(4.])ouz‘(h(l,l)*ﬂ(Zol))

76




l D6 BBl9,1)xD3egtu,|)
57 UU('.J,I)‘UJOU('J.L)
SH e 2 butoyl)=03enils, i
59 Gy Tu b
U o It (liw ohwe 1lou To 7
b1 hsAl=lU~15e72
62, TT0101)3C05(A2) e 1i1A)
6J fr ey 11=2=CO5(A2)%CUS(A)
64, TTidsl)a=5|NtA2)
XS 11(l.z)-LOS(AJ)oQUS(A)*slN(AJ)OSlN(AZ)o:lN(A)
b6, TT 2,00 mCuS (A3 )eSIN(A)=SIN(AS)eSIN(AZ)®CUS {A)
6/« FTi3»2)=5 N(A3)eCyS(A2)
68, TTU193)8C0S(A3)eS[N(A2)8SIN(AI=SIN(AD)eCUS(A)
69, |l(é.J)--(Ob(AJ)'SIN(AZ)'CUS(A)-blN(AJ)OblN(A)
70 TI0303)=C0S(A310Lys(A2)
J1le TG, 1)eY i, 081 T¢1,1)
72 f(lpZ"!‘(l.Z)‘rr(X.Z)
73 P 3)=T Ty, 30070 (1,3)
74e ‘(l,*"ZO'T‘(l'l)“T‘l.Z,
75, l(lnb)’l"f“l.l)‘TT(lpJ)
76 {ly6)=2eaT Ul ,2)eT1(l,4)
77 Ty lIm1T(2,00e11(2,1)
76 ((2:2)®T1(2,2)V01T(2,2)
79 1i2y3)mT(2,3)e1T7¢(2,3)
80, Tl 4)m2e0TT(2,1)0T742,2)
81 Tl b )IB2eeT (2, )eT1(2,3)
82 TUd,6)8200T1(2,21017(2,23)
B3e PI340 VBTN (3,50 0810435109
84, T(Jpz,’TT(J.Z,‘TT(3.2)
BS . TU3y3)37 01 (3,50eTT¢(3,3)
N T(3,)4)%2e0TT(3,1)eTT(3,2)
87 TU3,5)=2e01T13,1)eTT43,23)
Y. T(J.b)=2-0TI(J.Z'OTI(JoJ)
8y, TU9,10=TT (1, 1)eTli(g, 1)
YU Ti4,2)87T (| ,2)e11(2,2)
91, T, 30271 (1 ,3)e17(2,3)
92 T(“.H)-TI(l.Z)OTT(Z.I)*TT(I.l)OTT(Z.Z)
93. TU9y5)®TT (), 30071 (2,1)+1T(1,01)eT1(2,3)
94, TU4990)BTT (] 33)e7T(2,2)¢7T(|,2)0eT1(2,3)
95, TUS 1)1 T, 1)1e1T(3,1)
96 r(bp“)“"(].Z)”r(S.Z)
97 Tao,3)=TT(),3)e7T(3,3)
94 TSy 9)®8TT (] ,2)eTT(3,1)eTT(1,0)eTT(3,2)
9Y. VS 0)mTT(1,3)e7T(3,1)e1T(1,1)0T1(3,3)
10U TUSs6)8TT(]43)0TT(3,2)¢77(1,2)e17(3,3)
101. Tloy1)2TT(2,1)e11¢(3,1)
102, TE642)=T1T(2,2)eT1T(3,2)
103, Tley3)=TT(2,3)e71(3,3)
104, T(o.ﬂ)-TT(Z.Z)OII(J.l)017(2.1)077(3.2)
105, TlosS)1®TT(2,3)eT1(3,1)eTT(2,1)eTT(3,3)
106, TU6 6 )I=TT(2,3)eTT(3,2)417(2,2)0711(3,3)
1U/ UUN=t 20t 3-E | oL 3eP |epPl=E20L2eP3ep3
108, I=bieb2e(2oeplepropispep)
10y, Dilyl)stletco(E3=PIeFIerd) /DUN
110 Ullsd)stleg2e(pP2epset2epleotd) suyM
| Dilygd)stlop 2ot 3elploeP3ers)/DuUm

112 Vicod)mL2ef so(L3=pP2eP2eL1l)/DUN




jl4.
ll‘.’)o
116,
i17.
llb.
119,
120,
121,
124
123.
124,
125,
126
127
128,
149
130«
131.
134
133,
1.3‘10
135
1db.
137.
1Je.
139
140,
141
142
143,
1494
145,
l"b.

| B NI
149
150,
151
1<
13,
154,
155
1hée
157,
I158.
157
160,
161,
162
163,
164,
lbb.
166,
167
16U »

1o

b/

Uid,d)sbdetj®(Plepet]loriet2)/uuM
Utsysimedepde(po=piePlep]l)/DUM
R(zyll=Dt),2)

Vid,l)=pty},3)

U(J.Z)‘U‘ZoJ,

UVivy,4)=0l

Lisyblr=pe

U!O|°)=(JJ

LU 10 1]

Blasc)®BloersKS

H(A,'Q)IIL/‘RS

BlZy i )=l e/ AL

B (¢y2)=R/RAL

Big,3)81L/RAL

Ble,4)=8(2,3)eK

Bidy /)8l iKADOTYS)
bic,8)l®aiZ2,ys)en

Blaydd=vlz, /)

Brs,4)=z8(2,6)

Bloybles=B(2,1)
Bisyt)mje/RS=R/RAQD
Blaoy,/)s=8(2,3)
Blast)EBl3,s)eT

Iy (1%0)b,8,9

PraPuiKK,2)
VuM=PU(KK, ] )orH/ (]l ¢=PROPR)

Lo 4 1=},8

Bo (sl )=0UMelB(]y])ePROBI2,1))
LtZy I ) sUUMe(H (2] ) +PRept],1))
BBl )mbuMe oS0 (| qmpR)oey(3,])
GO TO0 b

lP vhiw ebu, J)GU TO 1O

A=f | =TU=TSeT !

TT1(CLsl)=SIN(A)

101921005 (A)

TT¢2sldl==quStA)

TT(Zv2)mSIN(A)

Ty L)=1T i, l)erlq,1)

Vil gy @b =TV (] ,2)187T(),2)
Telsd)m2ee T iy el (],2)
TE2,1)2T0(2,1)e71(2,1)
T{dsyd)=1h(2,2)017(2,2)
T(2r3)®m2e0TT102,)1)eTT(2,2)

sy lrmite, 10017 (2,1)
T(352)=27T(),2)07V(2,2)

TUS ) =TT (], 2 1T (2,1)41T(1,1)e71(2,2)
Uizt Z=plep e
Lilyl)mseleg2/70UN
OD(l,218P)ep(1,1)
Ul2yldaply,g)
Digy2)mg2ego/DUM
Ulaydimg)

VU Ib I=msl,1plm

UG s Jalya
DP(!yJ)=m0,

Vu 17 Kal,jplMm
UP(!.J)-UP(I.J)oD(l,K)OI(J.k)
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79

17U, CONT INUL

171 lus ]l iMe

172, Lo QU Ialp,nx

1734 VU 20U Jal Na

174, 24 UP(I.J’=U(I.I)°T(J.I)
175 DO 22 J=l,na

176, Lo 22 y=|,Na

177. Uil,d)=Qe

178 bu ¢1 kel ,Nx

179 21 U(I.J,.U(l.J’*I“.K’.DP‘K!J’
180G, 24 CONTINUE

181, DG 23 1=1,Nxl

182, Il'l’l

163, U 23 Vs nX

184, 23 Liuylidapiy,y)

165, bu ¢ I=1,Nx

186, bu 2% Ja]l  NY

167. BB ,u)su,

188 Qu 24 K=zl,Nx

189, 29 bl )=BB Il ,u) el (] ,K)opiK,y)
190, 25 CUNTINUE

191 5 KLTUKN

192, ENU

EnND UF COMPILILAT N NO DIAGNUSTICS.,

¥




SURROUT I hE INTEGUENTM KK NPT ,NDF,§L )
0000000000.000000000000000.00'0!000!
FORMS SY)FFNESS MATRIX OF ELEMENTS
ooooo.o.oo.outc'.0'0000‘00...00.000.

DIMENSTION Sleu.?“).RF(&-Z%).AA(Z)-DX(Z“-?“’
coHFON/TANAI/RAn.Rﬁ.To.TS.ZS.NX.HNB
COMMON/RHTH/LOC(?SHUO),NTNN,NB,NP,H!NUH
CﬁHMuJ/RGAHD/((Bp“’19(6;24)1H
DATA AA/.5773§0269i09626--.577350269]89&26/
CALL CONRDI(NDI,RI,T1,21)
CALL COOQD](NDF.R?.T2.72)
PSE oS50 (R2aRr])
ROseSe!R24R 1)
WA Qe 2 S i T1172=24.2831853072
TSaehe(T2a7])
TN=.e5e (7247
75248 (22.7))
IF (IDIM +FQ. 2)'728=}),
HCXelD]IMa]
NPl msthP=)
DO 2 1= s NP
DO 2 J=y,NpP
SLIT,J)u0,
Do 7 l-’pz
R=2A(1])
RARcR()+RSeR
DUNI=RANSPRSeT G075
No 4 J=y,2
TaAA(Y)
DO 5 Kmy,NCX
Z=ahA(K)
€Al L MTPXB(lDlM.KV.RpT,ZpRR)
DO 4 NR=z=|] ,NP
PO 4 NCeMR,NP
DUM2a0,
DO Y Naj|,NX
DUM2=0UM?05(H.NR)OPR(N.NC!
SL(HP,Nc)=SL(”Vo”C"DUM!'DUM?
COMTINUF
CNHTINUE
COMNY I NUE
0O R Iz} ,NPY
Jurle]
DO & K= y,NpP
5L(K.|’=QL(loK’
[1za]
PO 11 t=|,np
I1=]1le]
12=(1=1)/1Nn1Me1
Do 10 J=z) NP
DXH,J)-O.
DO 9 K=y ,NR
K1a3K+]]eNR
9 ox(x.J)-nx(x.J’oC(K.lz’-SL(KI.J;




564 DXt odlaDX(]yJ)/HNR
57, 10 CONY LWUE

53, 1F (11 .FQ, NCX1]]m=]
59, 11 CONT!WUF

AN, | 1=

b1, Do 14 J=zt MNP

h?. 11=]1+]

AV, 122(1=11/71n11+]

by, DO 13 Ja] NP

6%, SLtJyltan,

b6, DD 12 K=l ,MB

&7, Ki=K+}]laNRp

bR, 12 SLUJW I 1aSLIU1)+DX{J, K1) aC(K,12)
69, SLUJs11aSL(Jy1)/HNR
n, 13 COMTINUE

71. IF (11 oFQs NCX)1 ==
72, 14 CONTINUF

73, DO 15 1=zt ,HpP)

Tu, Ju] e+

75, DN 15 Key,MP

77 RFETHRN

7R, EMD

END OF COMPILATION: MO DIAGNOSTICS.




1,
s
3.
Y
Se
6o
7
He
9

10,

Il

124

13,

14,

15,

16,

17

18,

19,

20,

21

224

23,

24,

25,

26,

27,

28

29,

30,

Al

az,

33,

34,

END OF

10
1l

13

15

18
19

82

SUBROUTINE STRESS(KK+NODsSTRS)
COMMON/RYTH/LOC(25000) yNTNNyNB yNX ,MINUM
COMMON/TANAI/RO RS, TOsTSsZS,NY,HNB
COMMON/JUNFER/NR yNS ,NZ NWOP , 101N
COMMON/ABALN/DI(3+400)
COMMON/FUNKY/NBRC (500) yNREO(S00) +NOER (500)
COMMON/BGAND/ClBr8) 4B1L&,24) ,H

DIMENSION NOD(8)sDSPI24)sA(24),8B(6,24),5TRS (&)
EVALUATES COMPONENTS OF STRESS ALONG CYLINDRICAL AXgS
I1=0

DO 11l u=l,NB

NDO=NQD (¥)

MTT=NTNN"NOER(NDD )+ |

Do 10 Ksl,[DIM

Iimsl]e]

OSP(L11)aD (K ,MTT)

CONTINUVE

l1==1

Lo 15 J-IQNX

A(J)e=Q.

Jus(Jal)/1DIMe]

Ijesllel

00 13 k=l ,N8
A(JI®A(Y)eC(JUWK)ODSP (I [ONB+K)

IF (1] okQe tIDIMa]))l]lm=]

CONTINUVE

CALL MIRKB(lUlH.KK.Oo.0.000.BB)

DO 19 Jsl,NY

STRS(y)=0,

STRS(J)aSTRS(J)+BRtUrK)eA(K)
STRS(J)=STRS(JU)/HNB

RETURN

END

COMPILATION: NO DJAGNOSTICS.




l,
2
.
4,

6,
7
8,
P
10,
1l
12,
13,
1Y
15,
16,
17,
8.
19,
20,
21,
22,
23,
24 .
25,
26
27,
28,
29,
30,
3l
32,
33,
34,
35,
36,
7.
s,
39,
40,
41.
42,
43,
44,
45,
46,
47
48,
49,
50,
51l
S52.
S3,
5S4,
55,

[aNalalal

SUBROYT INE PSTRES(IDIM,MMA,ByP)
00.00.00.00000000...000000000000.1000000.
COMPUTES MAGNITUDES AND DIRECTION COSINES
OF PRINCIPAL STRESSES . |
0000.00.'0‘000000000000000000000’000’000‘
COMMON/NANAY/CKR(3,3)sNW
DIMENS]ION B(6),p(3)
IF (IDIM LEQe 2)G0 TO 13
Al=sB(])eB(2)48(3)
A2z8(1)1eB(2)¢B(2)ei3(3)eB(])0B(3)~
1B(4)0B(4)=B(5)eBlG)aBlbs)*B(4)
AJ-u(l»oetz)-atsioz.OB(4108(5)08(6).8(1»08(6)08(6)
1=B(2)e8(5)eB(5)=B(3)*B(4)eB(Y)
P(l)impalyz3,
DMspP(3)
DO S =)y
FXxP(3)e(A2¢P(3)0(P(3)=nl))=A]
FPX®A24P(3)0(3,eP(3)=2,0A))
PEII®P(3)mFX/FPx
5 CONTINUE
PRINT 6,0M,P(3),Fx
6 FORMAT (* FIRST P(3) = 14E1Q¢5,* e FINAL P(3) =
1E10¢5,' %o JTER, ERROR ®» 9 ,E10.5)
IF (ABS(FX) L1, 1500160 TO 8
OMsP(3)
DO 7 1m)44
FXBP(3)e(A24P(3)8(P[3)mArl))=A]
FPXBA24P(3)0(3,eP(3)"240A))
PCIImp(3)l=mfpx/FPX
7 CONTINUE
PRINT 6,0M,P(3),Fx
6 BlaP(3)=A)
B2sP(3)ebep2
OMaSQRT(BleBle=gy,%p2)
Pllim,5¢lmpg= M)
P(2)m,5elag|epm)
IF (P{3) +6Te P(2)}G0 T0 10
B2mP(2)
P(2)=p(3)
P(3)mp2
LF (P(2) «GTe P(1l))160 TO 10
8lsP(])
Pilimp(2)
P(2)mg)
10 1F (MMA eNE, 1)GO TO 20
CR & DIRECTION COS)NES
0C 12 1et,3
CC=(P(L1=B(2))0(P(1)=B(3))=B(b)eb(s)
BBR(P(1)=B(1))1e(P(1)=B(2))=B(4)eB(4)
IF (ABS(BB) +GT, ABS(CC)IGO TO !
AAm(P(l)=B(3))eBl4)eB(5)®B ()
Bo=(P(l)=B(2))eBlg)eBl4)®B(4)
GO TO 9
1l CC=(P(l)=B(2))%Blg)eblY4)®B(s)
AA=(P(l)=B(l))eplg)eB(Y4)®B(S)

83




84
56, 9 OM=SQRTICCeCCoBBogB+AARAA)
57, CRULs1)aCC/DM
S8, CR(24])=AA DM
59, CrR(3)])aBp/DM
60, 12 CONTINUVE
61, G Y0 20
62, 14 DMHSURT(OZSO‘B(I)-B(Z))0'208(3)05(3))
63, Pillz,5e(B())ep(2))eDM
64, Pl2)®,5elB(|)1e8(2))eDM
65, IF (MMA *NE, 1)G0O T1Q 20
66, o 14 1al,
67, AA=P (] )=B(})
68, BBsP(]i1ab(2)
69, IF (ABS(5B) +GT, ABS(AA))GO TO 35
70, DM-SGRT(AAoAAoe(J)oe(S))
71 CR(2y1)aAp /DM
72, CRUL,1)mB(3)/DM
73, GO TO |y
74, 15 DM-SQRT(dB-BBoB(J)cB(JH
75, CRUly[)mBB/DM
764 CR(Zy])=B(3)/DM
77, 14 CONTINUF
78, 20 RETURN
79, END
eND OF COMPILATION: NO DJIASGNOSTICS,




le
2
3,
L)
Se
b
7
B,

10,
11,
12,
13,
14,
15,
16,
17,
1A,
19.
20,
21,
22,
23,
24,
25,
2h,
27,
28,
?9.
in,
.
J2,
A3,
3y,
3s.
kY Y
8%
A,
39,
40,
41,
42,
43,
44,
45,
46,
47,
48,
49,
50,
51,
52.
53,
E1-

la¥a]

100

101

102

85

SUBROUTIHNE FACTOR

Se0s0 0000000000000 00

MATRIX FACTOR1ZAT]ON

0000000000.0000000000

COMHON/FUNKY/NROW(SOO).NREO(SOO)oNOER(SOO)

COMMON/ NFER/NR NS NZX ,NWOP,[DIM

COMMON/ABALN/D(3,600)

COMMON/JANET/NSPD.NWSD(100)oSPO(IOO.J)

COMMON/BOPAP/NLOD’100),CNLD(100) NE ,NER

COMMON/RUTH/LOC(25000) NTNN,NB NP ,M1STY

DIMENS1ON A(3.300)..CJ.J).C(J.J).JlT(“).LCON(G).
NOD(B) NSPT(500),5(3,300),SL(24%,24)

EQUIVALENCE (D(1,301),S)

REWIND 15

REWIND 1 4

REWIND 123

REWIND 12

REWIND 11

REWIND 10

JIT(1)=Q

JIT(2)=n

J1T{(3)=

MIM| =0

KD=0

NEE=]

MEE=]

NZ=0D

DO 70 1s)],NTNN

NN®sQ

IF (I +EQ4 NTNNIGC TO o

NN=s=NROW(])

NROW(]1)eNZe]

NSPT(1)aNZe+]

NZesNZ+NN+]

NNI=(NN+])e[D]Me]

DO 7 J=m)],1DIM

DO 7 K=s)] ,NN3

S(J)K)an,

JENREO ()

PRINT 100,11,V

FORMAT (6HONODE 414911H (OR[G NCesIHs1H))

CALL ELTOND (1DIM,J,LCON)

FRINT 101 4(LCON(L1)411=],4NB)

FORMAT (34H ELEMENYS CONNECTED Y0 NODE «= 2B (1Y4,1H, )

DO 15 K=l ,NB

IF (LCON(K) «EQe 0)GO TO 1%

KKsLCON(K)

CALL NODES (IDIMyKK,NOD)

PRINT 102,KK,(NOD(1]),11=] ,NB)

FORMAT (21H NODES OF ELEMENT 14,4l w= o8(14,0H,))
ND1aNOD (1)

NDFaNOD (NB=] )

IF (NER +EQe 1)GO TO §6&
KS® (KK=]1)/NER#]

IF (KS LEQs KD)GO TO §7




-———

|
8

Séhae
57,
SR,
5%,
6n,
bl
62,
63.
64,
6%,
6bh.
67
68,
9.,
7N,
71
724
73.
7%
76
77
78,
79.
8N,
81.
82,
81,
84,
a5,
86.
87,
88.
89.
90,
91
92,
93,
94,
9S .
96,
97.
94,
99,
100,
101,
102,
103,
104,
108,
104,
107,
108,
109,
110,
111,
112

399

S0

51

52?2
sS4

56
57

10

12
13

14
15

16

NUMe (KS=1)/M]1STY+]
1DRUMSNUM«] 2
INTEKSe (NUM=] ) oMISTY=JIT(NUM)

FORMAT (°QIDRUMa® (13 ,0se0 NTu?,]1])
PRINT 399,1DRUM,JNT
JITI(NUM)oKS={NUM=] )oM[STY

1F (JUNT «LEe 0)GO TO 5)

1F (JUNT +ERe 11GO TO 84

JNT=JNT=]

DO 50 1A=m] 4 JNT

READ (IDRUM)ULISL{LI,L2)yL)wl yNP),L2=) NF)
CONTINUE

GO TO 54

JMTs]=JNT

DO 52 A=) ,JUMT

BACKSPACE JDRUM

CONTINUE

READ (IDRUM) LUISLUILLIoL2) oL 1m]yNP),L28] NP)
XKDskS

GO T0 57

CAaLL INTEG(IDIM KK ,ND],NDF,SL)

DO 8 M=) ,NR

IF (J ¢EQe NOD(M))GO TO 9

CONTINUE

ND!As=M

DO 10 KM=],1DIM

KNS (NDlA~])e]lDIMKM

DO 10 LM=),I1DIM

LN (ND]A=])e]1DIMsLM
SIKMyLM)=S(KMyLM)*SLIKN,LN)

1F (NN (JEQ., 0)GO TO 18

DO 14 M=) ,NB

NODM=NOD (M)

1F (] «GEos NOER(NODM))GO TO 14
NRW=NROW( ] )=l

DO 13 L=l NN

NRWsNRWs ]

1F (LOC({MNRW) oNEe NOER(NODM))GO TO 13
DO 12 KM=],IDIM

KNs(NDIA=]1)eolDIMeKM

D0 12 MM=s)],IDIM

LNx{M=])eIDIM+MM

LMsLeIDIMeMM
S{KMyLM)SS{KMyLM)SSLIKN,,LN)

GO TO 14

CONTINUE

CONTINUE

CONTINUL

1F (J oNEe NLODINEE))IGO TO 164
S(1,NNY)sCMLD(NEE)

NEE=NEE ]

WRITE (12I)NN3,0ISILIL2)LIs]l IDIM) L2u]  NNY)
1F (MEE «GTe NSPD)GO TO 38

IF (J oNEe NWSDIMEE))GO TO 18

DO 17 Kal,IDIM

IF (SPD(MEF,K) oGEe 1094)G0 TO 17

DO 26 L=],IDIM
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' 113, SIL NNI)eS(LsNNI)=S(L,K)®SPD(MEE 4K)
114, S(K.L)-Uc
115, 246 S(L,K)=0,
1160 S(K.K)-lc
] 117. SIK.MN3I)YuSPD(MEE 4K)
118, 17 CONTINUE
119, MEEsMEE+ |
120, IF (MEE +GTe+ NSPD)GO YO 38
12!. 18 MU'MEE
122, NU= |
0258\, NRWIsNROW(]) =1
! 124, DO 28 K=sMU,NSPD
125, NWSaNWSDH (K)
126. DO 30 LaeNU,NN
127. NRWaNRW] +(
128, IF (LOC(NRW) «GTs NOER(NWS))IGO TO 28
129, IF (LOC(NRW) ovJEe NOER(NWS))GO TO 3D
130. MM-L
131, MIm(NRW«NROW(I)®l)eIDIM
17207 ¢ DO 39 lA=],IDIM
133, IF (SPD(K,1A) +«GEs 100.)GO0 YO 39
134, DO 36 ig=],I10D1IM
135, S(IRYNNII=S(IRINNI)=S{|B4MI¢TA)OSPD(K,]1A)
134, I[F (StU1B,18)*1s eGTe o0011S(1B4MIlA)=0,
137. 36 CONTINUE
138, 39 CONTINUF
139, GO TO 37
140, 3N CONTINUE
141, Go T0 38
142, 37 NUsMM+|
143, 28 CONTINUE
14y, A8 IF (MIM] LEQe 0)GO TO 42
145, JILL®1
146, ll':"!
[ 147, DO 60 K=mi, 11
148, READ  (JOINNIpC (ALY yL2)oL1m1o1DIM) L28) NN},
149, 1C(BILL L2),L1m],1DIM), L2} ,1DIML,0ET
160, ISPTaNSPT (K)
151, IF (LOC(ISPT) «NEes 1)GO TO 60
192, ITER®(NSPT(K)=~NROW(K))eIDiM
153, NSPT(K)uNSFT(K)e!
154, IF (JILL oGTe NSPDIGO TO 42
155, DO 34 LIsJILL+NSPD
156, NWDSNWSD(L1)
187, KEE=L
158, IF (NOER(NWD) «EQ, K)GO YO 35
189, 1F (NOER(NWD) +GTs K)GO TO 42
160, 34 CONTINUE
161, 35 JILL=KEE+]
162, DO 4. Ila=],iIDIM
163, IF (SPD(KEEs1A) oGEe 100e)GO TO 4]
léu, NO 40 1B=},IDIM
166, SCIByNN3I) aS (IR NN3)=SPD(KEE,1A)eA(1A,ITERSIB)
164 . 4N A(IAL,ITER+1B)=Do,
167, 41 CONYINUE
168, c GAUSSI1AN ELIMINAT]ON

169, 42 DO 21 1a=],IDIM




88 i
17n, IDSITER+TA
171, 00 21 las],IDIM
172, CtlA,1B)y=0],
173, DO 19 ICu],IDIM
174, 19 COIAVIBYaCtIA,IB)«A(IC,ID)eB(IC,1B)
176, 21 CONYINUF
176 NNDO=NN] =] TER
l77. DO 24 'ﬂ'l.‘D!M
178, DO 23 1As]|,NNO
179, D(TA,1B)=0,
180, IDs|TER+1IB
181, N0 22 |cm],IDIM
182, 22 D(TAIB)=D(TA,IB)Y+C(TIA,IC)eA(IC,1D)
183, O(T1A,I1B)sDI|A,IB)/DET
184, 23 CONT|NUE
186, 24 CONTINUE
186, LYNsNNO/IDIM=~]
187, IF (LYN +£Qe 0)GO YO 32
188, NRWsSNROW()e=]
189, JS=
190, DO 31 Las],LYN
191, MSPT= |SPT e
192, Lis| e¢IDIM
193, DO 27 MsJS,NN
194, NRWsHRWS |
1956, IF (LOC(MSPT) «NEs LOC(NRW))GO TO 27
194, MMsM
197, M3Is(NRW-NROW(])el)eIDIM ;
194, D0 25 Tlaxl,IDIM
199, DO 25 A=) ,IDIM :
200. ILesl3+]R
201, IMsMle|p 1
202, 25 S(lAyIM)eS(TAIM)=D(TA,IL)
2013, GO TO 29
204, 27 CONT|NUE
205, GO TO 32
206, 29 JSsMM+ | )
207, 31 CONTINUE
208, 32 DO 33 1Am|,IDIM
209, S(TAWNNI'eS(IAyNNI)I=D(]ANNO)
210, 0O 33 IRAm],IDIM
211, IDs]TER+IR
212, A(JA,ID)sC(IB,]1A)/DET
213, 33 S(TA,IB)=S(1A,1B)=D(1A,18)
214, BACKSPACE |0
215, WRITE (10INNL CEACLTZL2) 0L 1ml,1DIM), L28],NNT),
216, FUAB(LL W L2) , L1, IDIM),(29],1DIM),DET
217, IF (K +€Qse 11)GO YO 40
218, BACKSPACE 10
219, READ (IOINNICOAILT JL2) 3 1w],1DIM) L2881 ,NNT),
220, TCBILLWL2),L1®]l,1DIM),L2%),1DIM),DET
221, 60 CONTINUE .
222, 62 DETmS(1,1)eS(2,2)=S(1,2)0S5(1,2)
221, IF (IDIM +EQs 3)GO TO 64
224, B(l,1)ms5(2,2)
225, B(2y2)5S(],1) 1

226, B(l,2)n=S(],2)




227,
228,
229,
23N,
231,
232.
233,
234,
215,
236,
237,
238,
2139,
24N,
241,
242,
243,
244,
248,
246,
247,
248,
249,
250,
251,
252,
253,
254,
255,
254 .
257,
258,
2%9,
260,
261,
262,
263,
26“.
265,
26A,
267,
26A,
269,
270,
271,
272,
273,
274,
275,
276,
277,
278,
279,
280,
281,
2R2,
283,

(a}

bu

65

66b

6R
49
7n

71
76

72
77

73
74

75

GO 10 65

Rl ,1)mS(2,2)0S(3,3)1=8(243)05(2,3)
B(1,42)m5(],3)0S(2,3)=5(1,2)05({3,3)
Bl1,3)mS(],2)05(2,3)=5([,3)05(2,2)
R(2.2)8S(],1)10S(3,3)«S5(1,3)05(1,3)
RU2,3)wS(1,2)0S(1,3)=S(],1)05(2,3)
B(3,3)spET
DET=S(],3)eR{143)¢S(2,3)°8(2,3)¢S(3,3)e8(3,3)
P13,2)aR(2,3)

B(3y1)=p(1,3)

R(Z.l)-n(l.Z)

IF (1 «EQy NTNN)GO TO 70
NNl=NNeIDiMel

N3=[DIMs|

WRITE (11NN OESOLT 0L 2) g 181 ,1DIM), L28NI,NN3)
WRITE (10INNLyt(S(LI L2) 0L 181 ,IDIM),L28N3,NNI),
((B(LIsL2),L1®141DIM),L2%],1DIM),DET
IF (MIM] +EQe 1)GO YO 649

DO 66 K=z1,1

1SPT=NSPT(K)

IF (LOC(ISPT) +EQ, 1+4]1)GO0 TO 648
COMTINUE

GO Y0 7n

MiMI=]

REWIND |0

CONTINUE

000000000 c00t0000

BACK=SURSTITUTLION

o8 e000g00ee0s000e

DO 76 t=l,|DIM

Dil1,1)mn,

DO 71 Jsl,IDIM

DL,y 1)=pll,1)¢B(),J)eS(J,NNI)
D(l,1)=pt]1,1)/DEY

DO 7% 1=2,NTNN

NODESNTNNe]+ ]

BACKSPACE 10

READ CLOINNL o (UACLLoL2)sL 1wl IDIM) L2581 NN,
(lBlLllLZ’.Ll'l.lDIH,.Lz.l'lDlH)oDEY
BACKSPACE 10

DO 77 la=],IDIM

D(ta,!)=0D,

DO 72 1B=],1DIM
D({IAyI)uD(1Ayl)B(LA,IB)IOA(]B,NNI)
DiTA, 1) aD(1A,1)/DET

NRW | «aNROW(NODE) <]

" NN®mNN1/1DIM

00 74 Jm] NN

JUs(J=l)eINIM

NRWaNRW ] +J

MRWaNTNN=LOC(NRW) ¢

DO 73 lami,IDIM

00 73 18a},iDIM
DllA.l)-D(lA'I,'A(l‘odd‘lB)CD(laoMRW)
CONTINUE

CONTINUE

PRINT 300

Sy ., T e -
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284, 300 FORMAT (*ONODAL DISPLACEMENTS®)
; 285, DO 85 Jul,[DIM

286, PRINT 380, (0(JyK)yKSNTNNy|,»])

287, 85 CONTINUE

288, 350 FORMAT (12€1045/(10X,11E10,5))

289, RETURN

290, END

END OF COMPILATION! NO DIAGNOST!CS,




e i s ettt A
.

3,
H4e
Se
&
7
8,

10
Il
12,
13,
14,
15,
14,
17,
18,
19,
2n,
21,
22,
23,
24,
264,
27,
28,
29,
n.
.
32,
i,
14,
Jg,
Ab,
iz,
Ag,
g,
4N,
41,
42,
43,
4y,
45,
464
47,
4a,
“9.
5N,
Sl
S2.
53,
84,
68,

100

91

SURROUTINE FCTOR
COMMON/FUNKY/NROW(SOO).NREO(SOO).NOER(SOO)
COMMON/UNFER/NR NS ,NZ ,NWOP,IDIM
COMHON/RUTH/LOC(ZSOOO).NTNN.NB.NP.H]STY
COMMON/JANET/NSPD.NWSD(lUO).SPD(IOU.3)
COMMON/ABALN/D(3,600)

DIMENS|ON A(J.JOO).B(J.J).C(3.3).NSPT(500).5(3.300)
EQUIVALFNCE (D(1,301),S)

REWIND 1D

REWIND 11

REWIND 12

MEE=|

PRINT 100,MISTY

FORMAT (90STARTING POINT OF GAUSSIAN ELIMINATION IS ROWr,14)
IF (MISTY ,EQe 1)GO TO 8

MRX®M]STY=]

DO 7 1m) ,MRX

IF INREO(]) +EQ. NWSD (MEE ) )MEESMEE + |

READ (IZ)NNJ.((S(Ll.LZ,OLlﬂl.lDlH).inlONNJ)
READ (|O)NN|.(tS(Ll.LZ).Llol.laln).LZ-l.NNl).
««B«Ll.in.Ll-l.IDIM).LZ'I.IDIH).DET

READ (ll)NNl.((A(LloLZ)oLl'ltlDlH).LZ'loNNl)
NN=sNNI/ZJOIM

NSPT(I)sNROW(])*NN

NRWsNROW( ] '=]

00 S Jm],NN

NRWsNRWe |

IF (LOC(NRW) oLTy MISTY)GO T0 S

NSPT(])aNRW

NNOs (NRWeNROW(]))®IDIMe+]

DO 4 Li=),IDIM

00 4 L2aNNO,NN]|

StLI,L2)sA(Ll,L2)

BACKSPACE 10

WRITE CTOINNT (USILL4WL2)yL1®1,1DIM), L2881 4NN]),
LUEBILIWL2),LIsl,1DIM) L2 ,]1DIM),DEY

IF (1 «FQe MRX)GO TO &

BACKSPACE j0

READ (10)NN1.((S(L1.LZ).LI-I.IDIM).LZ-I.NNI)o
TOGBUILL,L2),L1=1,IDIM),L2%1,1DIM),DET

GO T0 6

CONTINUE

PRINT 101,1,NROW(]) ,NSPTI(])

FORMAT (v | = 0,13,° ¢ NROW(]) =1,15,0 e NSPT(1) =%,15)
CONTINUE

REWIND 10

DO 39 IsMISTY,NTNN

NSPT(1)sNROW(])

READ CI2INN3  COSOLI L2) 4L I®1,1DIM) L2851 ,NN3)
NNsNN3/I1DIM=1]

IF (MEE +GYs NSPD)GO YO |7

IF (NREO(I) oNEs NWSD (MEE))IGO TO 1]

00O 10 Ksl,IDIM

IF (SPD(MEE.K) «GEs 1004)G0 TO 10
DO 9 L=)1,InIM




Sbe
S7.
SR,
60,
61,
62,
63,
64,
65,
bb,
67,
68,
69,
70
71,
72,
73,
74,
75
76
77
78,
79.
80,
81,
B2,
83,
Ay,
as,
84,
87.
Aa,
A9,
9N,
91,
92,
913,
94,
95,
96,
97
98,
99,
j0Nn.
101.
102,
103,
104,
108,
106,
107,
108,
109,
110,
111,
112,

10

12
13

14
15

16
17

1A
2]

19
2n

22

SCLoNNIYaS(L NNIVeS(L ,K)®SPD(MEE 4K)
S(K,L)up,

S(L,K)un,

S(K K )=y,

S{XNN3)sSPD(MEE 4K}

CONTINUFE

MEEaMEE |

If (MEE .GT. NSPD)GO YO 17

Nyw

NRWISNROW(])~1

NO 16 KsMEF ,NSPD

NWSsNWSD (K)

DO 14 LaNU,NN

NRWaNRW] |

Iv (LOC(NRW) +GTe NOERINWS))GO TO 16
IF (LOC(NRW) «NEe NOER(NWS))GO TO |4
MM=|

M3sLeID|M [

DO 1) 1a=],IDIM

IF (5PD(K,1A) «GE, 100,1G0 7O 13

DO 12 1R=],IDIM
SCIRYNN3)aS(IB I NNI)=S(IByMI+]A)eSPD(K,1A)
IF (501IR4IR)=1le oGTs +QO01)S(IB,MIe]A)=0D,
CONTINUE

CONTINUE

GO TO 1%

CONTINUF

GO T0 17

NUUsMMe |

CONTINUE

IF (1 «FER. 1)1G0 TO 36

JILL=}

1ju)=]

DO 34 Kml, 1!

READ (JOINNI (CA(LTL2)3L181,1DIM) L2 4NN,
C(BILL o L2) ,Lis) IDIM)L2%),1DIM),DET
JSPTeNSPT(K)

IF (LOC(ISPT) oNEs 1)GO TO 234
ITER®=(NSPT(K)=NROW(K))eIDIM
NSPT(K)sNSPT(K)+!

IF (JILL «GTe NSPD)GO YO 22

0O 18 LisJILLNSPD

NWDeNWSH (L)

KEE=L]

IF (NOER(NWD) +EQs K)GO TO 2}

IF (NOER(NWD) +GT, K)GO YO 22
CONTINUE

JILL=KEF +|

DO 20 I1As),IDIM

IF (SPD(KEE,1A) «GEs 100¢)GO TO 20
00 19 I1B=|,IDIM
S(IRNN3)=S(IBNNI)=SPD(KEE,1A)eA{lA,ITER+IB)
A(1A,ITER+1B)w0,

CONTINUE

GAUSSIAN ELIMINATON

DO 25 lAaw],IDIM

10| TER+ 1A




113,
114,
115.
116,
117
118,
119,
120.
121,
122,
123,
124,
125,
126,
127
128,
129,
130.
131,
132,
133,
134,
135,
136,
137.
138,
139,
140,
141,
142,
143,
144,
148,
146,
147,
148,
149,
150,
151
152.
153,
184,
159,
156,
157.
15¢e,
159,
160,
161,
162,
1613,
164,
165,
166,
167,
164,
169,

23
25

26

27

2R
29
an

kB
32

33

—

3y
3

64

93

00 25 [R=1,IDIM

C(ll.le)’ﬂo

DO 23 ic=],101M
CtIA1B)mC(1A,]IB)eA{]C,]D)eB(IC,18)
CONTINUFE

NNOsNN)1=]TER

00 27 1a=],IDIM

DN 27 18=] ,NNO

D(l1A,18)=0,

101 TER+]R

Do 26 1C=1,]1D1IM
De1a,1B)1mD(1A,1BI+C(T1A,]JC)0A(1IC,ID)
Di'a,1B)=sD(1A,1B)/DETY

CONTINUE

LYNaNNO/IDIM=]

1F (LYN EQe 0)GO TO 32
NRWeNROWI(1)=]

JS= |

DO 31 Ls=s],LYN

MSPT=|SPTe|

Lis_elD]IM

DO 29 MaJS,NN

NRWasNRWa+ |

1F (LOC(MSPT) +NEo LOCI(NRW)IGO TO 29
MM e M

MIs (NRWaNROW(1)e]l)e]lDIM

DO 28 1asy,I!DIM

DO 28 18m],INIM

ILsL3eln

IMsMle+|

SI1A,1M)sS(JAIM)=D(TA,IL)

GO YO0 30

CONTINUE

GO YO 32

JSsMM«+ |

CONTINUE

DO 33 1A=} ,1DIM
S(IAWNNI)=S({]AZNNI)=D(1A,NNOD)

NO 33 1R=1,IDIM

1Dl TER+1B

A(TA,ID)=C(IBy]1A)}/DET
S(1A,!B)=sS({]A,IB)=D(1A,]1B)
BACKSPACE 10 '

WRITE (10)INNI,CUCACLTI L2) L )m],1DIM), L2m] NNT),
((RILLLL2)Y,L1=1,1DIM),L2%],10'M),DET
IF (K «FQs J1)1GO TO 34

RACKSPACE 10

READ (IOINNLQCCACLT L)ool 10DIM) L2881 yNNL)
CCRBCLT 2,011 IDIM) L 2=] ,1DIM),DETY
CONTINUE
DET=S(],1)105(2,2)1=S(],2)¢S(],2)

IF (IDIM +EQs 3)GO TO 64
B(l,1)1m85(2,2)

B(2,2)-S(]1,1])

B(l ,2)m=5¢(1,2)

GO TO &5
B(l,1)12S(2,2195(3,3)=S5(2,3)05(2,3)
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170, B(l42)a5(],310S5(2,3)=5(1,42)0e5(3,3)
171, BU143)95(1,2)05(2,3)=S(143165(2,2)
172, B(2,2)mS(]1,1)0S5(3,3)eS(143)0S(1,3)
173, B(2,3)8S(]1,2)8S(1,3)1eS(1y1)0S5(2,3)
174, B(3.3)=pFTY
175, DET=S(1,3)0B(1,3)1+45(2,3)08(2,3)¢S(3,3)0R(3,3)
176. 5(3.2)'9(2.3,
177, B3, 1)1=B(],3)
178, 6% B(2,1)8R(],2)
179, 1F (I +EQe NTNNIGO TO 39
180, NN]1aNNe DM+
181, N3=|DIMs|
182, WRITE CLLINNT CESCLT4L2) oL 1ml,IDIM),L28N3,NN3)
183, WRITE (10)NNI.((S(LI.LZ)oLl‘I.IDIH).LZINJ.NNsi.
184, FO(BILL21.2),L 11 41D1M),L 28] ,1D1M),DET
185, REWIND |0
1864, 39 CONTINUE
187, c BACK=SURSTITUT|ON
188, DO 76 1a],IDIM
189, Di(l,1)=n,
191, 71 DLy 1)mD(141)+4B(1,U)eS(JyNNI)
192, 76 D(1,4,1)=D(1,1)/DET
193, DO 75 1m2,NTNN
194, NODFsNTNN=] ¢]
195, BACKSPACE 10
196, READ CIOINNT CCACLL W L2) 4L 1m],1DIM),L20],NNY),
197, FOCOBALL 4 1L2)4L1®1 4 IDIM) L 281 ,1D1M),DET
198, BACKSPACFE |0
199, OO 77 1as] ,iDIM
200. D(I‘QI)IOQ
201, DO 72 Ip=s|,IDIM
202, 72 D(lA.l)aD(lA.I)oB(IA.IB)OA(IR.NNI)
203, 77 D(I1A,1)=D(1AI)/DETY
204, NRW|sNROW(NODE ) =1
205, NNeNN1/IDIM
206, DO 74 J=1,NN
207, JIs(J=1r101DIM
208, NRWsNRW|+y
209, MRWaNTNN=| OC(NRW) |
210, DO 73 1As1,IDIM
211, 0O 73 1ns|,IDIM
212, 73 D(IA.I)nD(lel)-A(l‘.JJ*lB)‘D(lB.MRW)
213, 74 CONTINUE
214, 75 CONTINUE
| 215, RETURN
216, END

END OF COMFPILATION: NO DIAGNOSTICS,
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APPENDIX B
DATA CARDS PREPARATION GUIDE

The sequential arrangement of the data cards supplied during each
program run as well as the input items punched on each card are shown in
Table A. Regarding the input parameters, the following explanatory notes
are made:

Card f 1

IS¢ - lin anisotropip cases; 0 in nonhomogeneous
cases; -1 in isotropic cases.

NR - Total number of annular surfaces dividing the
Brazilian test cylinder.

NS - Total number of sectors the circular face of
the cylinder or its quadrant is divided into.

NZ - Total number of divisions in the Z-direction;

0 in 2-aimensional problems.

NW@Pp - 1 if whole circular face of cylinder is involved
in analysis; 0 if only a quadrant is involved in
analysis.

NDIM - 2 in 2-dimensional cases; 3 in 3-dimensional
cases.

NCYC - Total number of load cycles.

NER - Least total number of similar and consecutively
numbered elements in finite element mesh; 1 in
nonhomogeneous and anisotropic cases. This para-
meter is ir serted to avoid having to completely
Lreat each f£lement all over again even if all are the
same.

NSS - Difference between the numbers of a loaded top

node and the diametrically opposite bottom node;
0 if NW@P is 0 or if finite element mesh is sym-
metric about plane of diametral loads.
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Card || 2

TCRT

SCRT

EM1, EM2

Csl1, Cs2

PR1, PR2

Card # 3

P@SM

TRN

DIA

NTEP

NG@T

97

Ratio of allowable tension to allowable com-
pression.

Ratio of allowable shear to allowable com-
pression.

Range of values of elastic moduli.

Range of values of allowable compressive
stresses.

Range of values of Poisson's ratios.

Factor to be muitiplied to the stiffness matrices
of failed elements to obtain that portion of the
stiffness matrices to be subtracted from the
global stiffness matrix.

"Maximum deviation which an element load factor
can have from the critical load factor for the ele-
ment to be considered failed.

Diameter of cylinder.
Length or thickness of cylinder.

0 if failure criterion in which the elastic modulus
across tension cracks is reduced to zero is to be
applied; 1 if the old failure criterion (described
in first annual report) is to be applied; always 1
In anisotropic cases.

0 if both finite element mesh and material property
are symmetric about a nodal plane perpendicular
to the Z-axis; 1 if no symmetry exists. With this
parameter, only one-half of the cylinder length or
thickness need be analyzed if symmetry exists.




Card # 4
NST1, NST2
MST1, MST2

Card § 5a, etc.

RC(1)

RC(2) s RC(NR1)

Card # 6a, etc.

TC(1), I=1, NS1

Card # 7a, etc.

ZC(D, I=1, NZ1

Card # 8

N

Card # 9

ALF1

ALF2, ALF3
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Pairs of points between which magnitudes of
strain, usually the horizontal strain at the
center point of each end of the cylinder, are
desired.

0 for solid cylinders; inner radius of hollow
cylinders.

Radial coordinates of annular surfaces.

Circumferential coordinates, in degrees, of
nodal radial planes measured clockwise from
plane of loads. TC(1) = 0.

Z-coordinates of nodal circles using an end
circle as datum. Z2C(1) = 0.

Any 10-digit integer. This is the starting point of
random number generator.

Angle, in degrees, which the line A'B' (see
Figure 2.4 of semi-annual report) makes with the
plane of the loads.

The angles @, and a3, in degrees, defined in
Figure 2,4 of semi-annual report.

These three angles define the directions of
anisotropy.




Allowable compressive stresses in the direction
of axes of anisotropy.

B, B2 - Elastic moduli in the direction of axes of
anisotropy, 1,2.

Card # 10
L3 - Elastic modulus in the direction of axis of
anistropy 3.
[R5 2% B8 - Poisson's ratios along axes of anisotropy.
Gl, G2, G3 - Shear moduli associated with directions of

anisotropy.

The entries below the heading FGRMAT in Table A are called format
specifications. These serve as instructions to the user on how the input data
are to be punched in the data cards. In the present program, each item in the
input list has the format specification of the form Fw.d or Iw in which w is
the number of column spaces on the card reserved for each item. Given the
w's of the entire input list, it is an easy matter to determine the exact columns
on the card where each input item is to be punched. For example, in card # 3
one punches P@SM in columns 1-10, TRN in columns 11-20, DIA in columns
21-30, H in columns 31-40, NTEP in columns 41-45, and NGO@T in columns
46-50. Integers (items with I specifications) are punched right-justified with-
in the spaces allocated to them. Floating-point numbers (items with F specifi-
cations) may be punched with or without the decimal point anywhere within
their allocated spaces. If punched without a decimal point, the computer will
read the floating-point number as if there was a decimal point d places to the
left of the right-most digit. The number before a F or an I is a repetition factor;
for instance, (415) = (15,15, 15, 15).

Input data listings are shown in Chapter 2.




